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Difference between Original M37700 and Revised Version (Version —A) 
For the M37700/M37701 series, original version and —A version are available for the following 14 product 
types: | 


M37700SFP/M37700SAFP M37700S4FP/M37700S4AFP M37700E4FS/M37700E4AFS 
M37700E2FP/M37700E2AFP M37700E4FP/M37700E4AFP M37701E2SP/M37701E2ASP 
M37700E2FS/M37700E2AFS 


The —A version are indicated by the suffix “—-A” following the product type. 


[| _ Original product. _—s| Aversion 
4.M37700SFP 3.M37700SFP-A 
XXXXXX XXXXXX 


The differences between the original version and the —A version are as follows: 












Product 
type 









(1)HOLD function 
@Original product 
The HOLD function does not work properly. Therefore, in memory expansion mode and microprocessor mode, 
the P40o/HOLD pin must be held at “H” level to prevent the use of the HOLD function. In single-chip mode, this pin 
can be a normal port P4o. 
@-A version 
The HOLD function can be used properly. 





(2)P42/@ function 
@Original product 
When @ output is selected from the P42/a pin in memory expansion mode and microprocessor mode, the @ output 
stops at “L” level when the P41:/RDY pin is pulled to “L” level. 
@-A version 


When @ output is selected from the P42/e pin in memory expansion mode and microprocessor mode, the @ output 
does not stop at “L” level when the P4:/RDY pin is pulled to “L” level. 


(3)PWM output function of the timer A 

@Original product 
Pulse width must be changed while the PWM output is at “L”. If write is performed while the PWM output as “H”, 
the PWM output frequency temporarily changes. 

@—A version 
Pulse width can be changed at any time. The PWM output frequency does not change when write is performed 
while the PWM output is “H”. However, the “L” interval (width) of the PWM output must be at least two timer clock 


source cycles. In other words, the value that can be set in the timer is 0016 to FD16 for 8-bit PWM mode and 000016 
to FFFDi6 in 16-bit PWM mode. 


(4)Reading from processor mode register (5E1s) and one-shot start flag (4216) 
@Original product 
The software reset bit in the processor mode register and the bits corresponding to timers AO to A4 in the one- 


shot start flag are unpredictable when read. Therefore, read-modify-write type instructions cannot used for these 
addresses. 


@—A version 


The software reset bit in the processor mode register and the bits corresponding to timers AO to A4 in the one- 


shot start flag returns a “O” when read. Therefore, read-modify-write type instructions can be used for the 
addresses. 
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Preface 


This manual describes the hardware of the Mitsubishi 
CNOS 16-bit microcomputer M37700M2-XXXFP. After 
reading this manual, the user should be able to fully 
utilize the functions of the M37700 family of microcom- 
puters. 


For details concerning the softwares for the M37700 
family, refer to the MELPS 7700 software manual. For 
details concerning the development support tools (as- 
sembler, option boards), refer to the respective opera- 
tion manuals. 
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1.1 Description 
The M37700M2-XXXFP is a 16-bit single-chip microcomputer designed with high-performance CMOS 
silicon gate technology. It is housed in an 80-pin plastic molded flat package. 


This single-chip microcomputer has a large 16M bytes address space, three instruction queue buffers, 
and two data buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can 
also be switched to perform 8-bit parallel processing. This microcomputer is suitable for office, business, 
and industrial equipment controllers that require high-speed processing of large amounts of data. 





Photo of M37700M2-XXXFP Chip 


1.2 M37700 Family 





1.2 M37700 Family 


1.2.1 M37700 family 

The M37700 family consists of chips shown in Table 1.2.1 with the M37700M2-XXXFP as the base chip. 
These chips are all pin compatible and provide a variety of memory characteristics, memory size, and 
operating clock frequencies to enable the user to select the chip best suited for his system. Hereafter, the 
M37700 family microcomputers will be referred to simply as the M37700 unless there is a specific difference 


by type. 
Table 1.2.1 M37700 Family 







RAM Clock 
Type name size frequency Remarks 
(bytes) (MHz) 
M37700M2-XXXFP 16K (Mask ROM) 
M37700M2AXXXFP 16K (Mask ROM) 


M37700SFP = - 





| High-speed type of M37700M2-XXXFP 








External ROM type of M37700M2-XXXFP 












































M37700SAFP | -— LL External ROM type of M37700M2AXXXFP 
M37700E2-XXXFP__| 16K (One-time PROM) One-time PROM type of M37700M2-XXXFP 
M37700E2AXXXFP_ | 16K (One-time PROM) One-time PROM type of M37700M2AXXXFP 
M37700E2FS |___16K (EPROM) EPROM type of M37700M2-XXXFP 
M37700E2AFS 16K (EPROM) EPROM type of M37700M2AXXXFP 








Memory expansion type of M37700M2-XXXFP 
Memory expansion type of M37700M2AXXXFP 
External ROM type of M37700M4-XXXFP 

External ROM type of M37700M4AXXXFP 
One-time PROM type of M37700M4-XXXFP 
One-time PROM type of M37700M4AXXXFP 
EPROM type of M37700M4-XXXFP 


EPROM type of M37700M4AXXXFP 


M37700M4-XXXFP | — 32K (Mask ROM) 
M37700M4AXXXFP | — 32K (Mask ROM) 
M37700S4FP a 
M37700S4AFP ae 
M37700E4-XXXFP_| 32K (One-time PROM) 
M37700E4AXXXFP_| 32K (One-time PROM) 
M37700E4FS 32K (EPROM) 

M37700E4AFS 32K (EPROM) 
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1.2.2 Differences between types 
@ Mask ROM type microcomputer 
This type of microcomputers has programs printed using a mask during the sanviaciirng process. 


@ Applicable types: M37700M2-XXXFP/M37700M2AXXXFP 
M37700M4-XXXFP/M37700M4AXXXFP 


@ External ROM type microcomputer 
This type of microcomputers has no internal ROM. External. ROMs must be provided. The function 
is identical with the mask ROM version microcomputer when it is operating in microprocessor mode. 


@ Applicable types: M37700SFP/M37700SAFP 
M37700S4FP/M37700S4AFP 


@ One-time PROM type microcomputer 
This type of microcomputer is equipped with one-time PROM (Programmable ROM). Programs can 
be written using commercially available PROM writers. However, programs can be written only once 
and the written program cannot be erased. 


@ Applicable types: | M37700E2-XXXFP/M37700E2AXXXFP 
M37700E4-XXXFP/M37700E4AXXXFP 


® EPROM type microcomputer 
This type of microcomputer is equipped with EPROM and programs can be written using commer- 
cially available PROM writers. Furthermore, programs can be re-written by exposing the window on 
top of the package to an ultraviolet rays. 


@ Applicable types: M37700E2FS/M37700E2AFS 
M37700E4FS/M37700E4AFS 


1.2 M37700 Family 





1.2.3 Meaning of type name 
The names of the Mitsubishi Single-chip microcomputers indicate the differences in functions and char- 
acteristics. The name of the M37700 family has the following meaning: 


M377 0 O[M[2|-|X X X|F P 


Package type 
FP: Plastic molded flat package 
FS: Ceramic flat package 


ROM number 

A three digit number indicates the 
ROM number. These digits are 
omitted for some types. 


Electrical characteristics 

—: Standard characteristics type 

A: High-speed version with 
16MHz external clock input 


Memory size 


Memory type 

M: Mask ROM 

E: PROM (OTPROM, EPROM) 
S: External ROM 


M37700 family 





Fig.1.2.1 Meaning of Type Name 
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1.3 Performance Overview | 
Table 1.3.1 shows the performance overview of the M37700M2-XXXFP/ M37700M2AXXXFP. Refer to 
“Appendix 3. M37700 Family Performance Overview” for the performance of other types. 


Table 1.3.1 M37700M2-XXXFP/M37700M2AXXXFP Performance Overview 
Parameters 3 Functions 
Number of basic instructions 103 


Instruction execution time 200ns (shortest instruction at 8MHz frequency) 
| 250ns (shortest instruction at 16MHz frequency) 

Clock frequency 8MHz (maximum) 

16MHz (maximum) 
16384 bytes 

512 bytes 
Input/Output ports Ports PO~P2, P4~P8 8 bits x 8 

4 bits x 1 


Multi-function timers TAO, TA1, TA2, TAS, TA4 16 bits x 5 
TBO, TB1, TB2 16 bits x 3 


Memory size 











Serial I/O (UART or clock synchronous serial I/O) x 2 
A-D converter , | 18 bits x 1 (8 channels) 

Watchdog timer 12 bits x 1 

Interrupts 3 external, 16 internal (priority levels 0 to 7 can 





be set for each interrupt with software) 
Clock generating circuit Built-in (externally connected to a ceramic — 
resonator or quartz crystal oscillator) 
Supply voltage —. 5V+10% 


Power dissipation | 30mW (at external 8MHz frequency) 


Input/Output characteristics |Input/Output voltage 5V 
Output current 5mA 











Memory expansion Maximum 16M bytes 

Operating temperature range —10 to 70°C 

Device structure CMOS high-performance silicon gate process 
Package 80-pin plastic molded QFP 


1.4 Pin Configuration 


P7o/ ANo 
P67 / TB2in 
P66 / TB11N 
P6s / TBO 

P64 / INT2 

P63 / INT1 

P62 / INTo 
P61 / TA4IN 

P60 / TA4out 
P57/ TA3in 
P56 / TA3out 
P55 / TA2In 
P54 / TA2out 
P53 / TA1iNn 
P52 / TA1lout 
P51/ TAO 
P50 / TAQout 
P47 

P46 

P4s 

P44 


P43 - 


P42 /9 
P4:/RDY 


|S} P71 / AN: 


| a] + P72/ ANz 


O 


| 3} +» P73/ANs 


| S| = P74 / ANa 


AVss 


| 3] =e = =09P77/ AN7/ ADtra 
Vss 


| so] << = P75/ ANS 
| 3] +» P76/ANe 


| 2] +» = =P8o/ CTSo/ RTSo 


AVcc 

Vcc 
Poe <p P8: / CLKo 
| 3) << _ P82/RxDo 
| 3] =<» P83/TxDo 


| 3 
w 
| 3] 
nN 
|| 
—_ 
~N 
ze 


M37700M2-XXXFP 


LS | 
wo 
Ww 
|S | 
Es 
Ww 
LS | 
w 
|S 


P30/RW <> 





P32/ALE ~~» ([&| 


P3:\/BHE =. L&| 


P33/HLDA ~~ 


Outline 80P6 


Fig.1.4.1 M37700M2-XXXFP Pin Configuration 


(#) 
a 


P27/Ao3/Dr ~*~ LS] 


P26/A22/De +> ([ 8] 


P2s/A21/Ds ~*~ |S] 





P24/A20/D4 ~*~ [6] 


1.4 Pin Configuration 





P84/CTS:/ RTS: 


P85 / CLK 
P86 / RxD: 
P87/ TxD 
POo / Ao 

PO1/ Ai 

PO2/ A2 

PO3/ A3 

PO4/ A4 
POs / As 
P06 / Ac 

PO7/ Az 
P1o/As/ De 
P11/A9/ Do 
P12/ A1o/ Dio 
Pi3/Ai1/ Di 
Pi4/A12/ Di2 
Pi1s/A13/ Disa 
Pi6/A14/ Dia 
P17/ Ais / Dis 
P20/ A16/ Do 
P21/ A17/ D1 
P22/ A1a/ De 
P23/ A19/ Da 
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1.5 Pin Description 













AVcc, AVss|Analog supply input 


SO 


Pin Functions 

Vcc, Vss | «dE Supply 5V+10% to Vec and OV to Vss. 
for single-chip mode. It must be connected to Vcc 10r 
external ROM types. 
level. 

XIN Input These are the I/O pins of the internal clock generating 
circuit. Connect a ceramic or quartz crystal resonator 

E Output Data or instruction read and data write are performed 
when output from this pin is “L”. 

BYTE Bus width selection input Input When in memory expansion mode or microprocessor 
bus is 8-bit width or 16-bit width. The width is 16 bits 
when the signal level is “L” and 8 bits when the signal 
Power supply for the A-D converter. Externally connect 

- AVcc to Vcc and AVss to Vss. 

VReF Reference voltage input 
verter. 

POo~PQ7 |1/O port PO This port is a CMOS I/O port. An I/O direction register is 
or output. Address (Ao~A7) is output in memory expan- 
sion mode or microprocessor mode. 

P20~P27_ __‘|I/O port P2 /O This port is an 8-bit I/O port with the same function as 

7 PO. In memory expansion mode or microprocessor 
. mode, an address (A1e~Az3) is output when E pin level is 
“H” and low-order data (Do~D7) is input or output when 

E pin output is “L”. 

P30~P33 I/O port P3 1/0 This port is a 4-bit |/O port with the same function as PO. 
In memory expansion mode or microprocessor mode, 
P30~P33 become R/W, BHE, ALE, and HLDA signals are 
output respectively. 


Table 1.5.1 Pin Description (a) 

CNVss CNVss input or ae pin controls the processor mode. Connect to Vss 
The microcomputer is reset when this pin is set to “L” 

Xout Clock output Output between Xin and Xout. When an external clock is used, 
the clock source should be connected to the Xin pin and 
the Xout pin should be left open. 
mode, this pin determines whether the external data 
level is “H”. 

Input This is a reference voltage input pin for the A-D con- 

available so that each pin can be programmed for input 

Pto~P17  |I/O port P1 This port is an 8-bit 1/O port with the same function as 
PO. When the BYTE pin is set to “H” in memory expan- 
sion mode or microprocessor mode, address (As~Ai5) is 
output. When the BYTE pin is set to “L”, an address 
(As~Ais) is output when E pin level is “H” and high-order 
data (Ds~Dis) is input or output when E pin level is “L”. 

P4o~P47_ _|I/O port P4 /O This port is an 8-bit I/O port with the same function as 
PQ. P42 can be programmed as a @ output pin. In mem- 
ory expansion mode or microprocessor mode, P4o and 
P4;: become HOLD and RDY input pin respectively. 











1.5 Pin Description 





Table 1.5.1 Pin Description (b) 


Pin 
P50~P57 


P60~P67 


P7o~P77 


P8o~P87_ 


Input/Output Functions 


VO This port is an 8-bit |/O port with the same function as 
PO. These pins can also be programmed as I/O pins 
for timers A0~A3. 

I/O port P6 I/O This port is an 8-bit I/O port with the same function as 
PO. These pins can be programmed as |/O pins for 
timer A4, external interrupt input pins for INTo~INTa2, 
and input pins for timers BO~B2. 

I/O port P7 /O This port is an 8-bit I/O port with the same function as 
PO. These pins can be programmed as analog input 
pins ANo~AN7. P77 also has an A-D conversion trigger 
input function. 

I/O port P8& /O This port is an 8-bit I/O port with the same function as 
PO. These pins can be programmed as CTS/RTS, CLK, 
RxD, TxD pins for UARTO and UART1. 
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1.6 Block Diagram 


Block Diagram of the M37700M2-XXXFP 
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2.1 Central Processing Unit (CPU) | 
The MELPS 7700 Series CPU has ten registers as shown in Figure 2.1. 1. Each of these registers is 
described below. 

2.1.1 Accumulator (Acc) 
Accumulators A and B are available and each can be used as 8-bit or 16-bit register as necessary. 


(1) Accumulator A (A) 
Accumulator A is the main register of the microcomputer. Data operations such as calculations, 
data transfer, and input/output are executed mainly through accumulator A. It consists of 16 bits 
and the lower 8 bits can be used separately. The data length flag (m) determines whether the 
register is used as a 16-bit register or as an 8-bit register. It is used as a 16-bit register when flag 
m is “O” and as an 8-bit register when flag m is “1”. Flag m is a part of the processor status register 
(PS) which is described later. 


(2) Accumulator B (B) 
Accumulator B has the same functions as accumulator A. The series MELPS 7700 instructions can 
use accumulator B instead of accumulator A, but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. Accumulator B is also controlled by the data length 
flag m. 


2.1.2 Index register X 

Index register X consists of 16 bits and the lower 8 bits can be used separately. The index register 
length flag (x) determines whether the register is used as a 16-bit register or as an 8-bit register. It is 
used as a 16-bit register when flag x is “O” and as an 8-bit register when flag x is “1”. Flag x is a part 
of the processor status register (PS) which is described later. 

In index addressing mode, register X is used as the index register and the contents of this eogeget is 
added to obtain the real address. 

Also, when executing a block transfer instruction MVP or MVN, the contents of the index re X 
indicates the low-order 16 bits of the source data address. The third byte of the MVP and MVN is the 
high-order 8 bits of the source data address. 


2.1.3 Index register Y 

Index register Y is a 16-bit register with the same function as index register X. As with index register 
X, the index register length flag (x) determines whether this register is used as a 16-bit register or as 
an 8-bit register. Also, when executing a block transfer instruction MVP or MVN, the content of index 
register Y indicates the low order 16 bits of the destination data address. The second byte of the MVP 
and MVN is the high-order 8 bits of the destination data address. 


2.1 Central Processing Unit 





15 b8 b7 bO 
At Accumulator A 


ox 


: 
2 


15 b8 b7 bO 
BL Accumulator B 


oO 


| 
a 


b15 b8 b/7 bO 
b15 b8 b7 bO 
b15 b8 b7 bO 


SH SL Stack pointer S 


oO 
io) 


b7 


O 
; 


Data bank register DT 


b23 b16 b15 b8 b7 bO 
b7 bO 
Manne nena n nnn nnn nnn nena nanan nnn mene annem enna annem anne nnn nae Program bank register PG 
b15 b8 b7 bO 
DPRH DPRL Direct page register DPR 
b15 b8 b7 bO 
PSH PSL Processor status register PS 
bi5~— b10 b8 b7 b6 b5 b4 b3 b2 bi b0: 


See ee eee ee) 
: Carry flag 
Zero flag 
Interrupt disable flag 
Decimal mode flag 
Index register length flag 
Data length flag 
Overflow flag 
Negative flag 
Processor interrupt priority level 


Fig.2.1.1 CPU Registers Structure 
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2.1.4 Stack pointer (S) 

Stack pointer S is a 16-bit register. It is used during a subroutine call or interrupt. It is aise used during 
addressing modes using the stack. The contents of the stack pointer S indicates the address (stack 
area) for saving registers during subroutine calls and interrupts. Normally, the stack area is reserved 
in internal RAM. 

When an interrupt occurs, the contents of the program bank register PG is saved at the address 
indicated by the content of the stack pointer S and the content of the stack pointer is decremented by 
1. Then the contents of the program counter PC and the processor status register PS are saved with 
the high-order bytes followed by the low-order bytes (PCH, PCt, PSH, PS.). The contents of the stack 
pointer S after an interrupt is equal to the content before the interrupt —5. When returning to the original 
routine after processing the interrupt, the registers saved in the stack area are restored to the original 
registers in the reverse Sequence and the content of the stack pointer is returned to the status before 
the interrupt. The same operation is performed during a subroutine call, but the content of the processor 
status register PS is not saved (the content of the program bank register PG may not be saved either 
depending on the addressing mode). 

The user is responsible for saving registers other than those described above during interrupts or 
subroutine calls. In addition, the stack pointer S must be initialized at the beginning of the program 
because its content is unpredictable after a reset. Normally, the stack pointer is initialized with the 
highest address of the internal RAM. The contents of the stack area changes when subroutines are 
nested or when multiple interrupts occur. Therefore, make sure necessary data in the internal RAM are 
not destroyed when nesting subroutines. 


2.1.5 Program counter (PC) 
Program counter PC is a 16-bit counter that indicates the low-order 16 bits of the next program memory 
address to be executed. 


2.1.6 Program bank register (PG) 

Program bank register PG is an 8-bit register that indicates the high-order 8 bits (bank) of the next 
program memory address to be executed. When a carry occurs after incrementing the content of the 
program counter, the content of the program bank register PG is incremented by 1. Also, when a carry 
or borrow occurs after adding or subtracting the content of the program counter PC, the content of the 
program bank register PG is incremented or decremented by 1 so that programs can be written without 
considering bank boundaries. 

In single-chip mode, do not store values other than “OQ16” because only address between 000016 and 
FFFFis can be accessed. 


bi6b15 





Fig.2.1.2 Program Counter and Program Bank Register 


2.1.7 Data bank register (DT) 

Data bank register DT is an 8-bit register. With some addressing modes, the content of this register is 
used as the high-order 8 bits of a 24-bit address. In single-chip mode, do not store values other than 
“0016” because only address between 000016 and FFFFise can be accessed. 
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2.1.8 Direct page register (DPR) 

Direct page register DPR is a 16-bit register. The content of this register indicates whether the direct 
page area is allocated in bank O or spans across bank 0 and 1. This area can be accessed with two 
bytes by using the direct page addressing mode. 

The content of the DPR is the base address (lowermost address) of the direct page area which extends 
256 bytes above this address. The DPR can contain a value from 000016 to FFFFie. If it contains a value 
equal to or greater than “FFO116”, the direct page area spans across banks 0 and 1. If the low-order 8 
bits of the DPR is “0016”, the number of cycles required to generate an address is minimized. Therefore, 
the low-order 8-bits of the DPR should normally be set to “OOr6”. 


O16 
DPR area when DPR=000016 
DPR area when DPR=012316 


Bank 0 (Note 1) 


= FF1016 
FFFFi6 


DPR area when DPR=FF 1016 


1000016 (Note 2) 


4 1000F 16 


Bank 1 
: \ 


Note 1 : The number of execution cycles is incremented by 1 when the low-order 8 bits of the 
DPR are not “0016”. 
Note 2 : The direct page spans across banks 0 and 1 when the DPR is “FFO116” or greater. 





Fig.2.1.3 Setting Direct Page with Direct Page Register (DPR) 
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2.1.9 Processor status register (PS) | 
Processor status register is an 11-bit register. It consists of flags to indicate the result of operation and 
CPU interrupt levels. The flags C, Z, V, and N are tested by branch instructions. 

The details of the processor status register bits are described below. 


b15 b14 b13 b12 bi1 b10 b8 b7 b6 b5 b4 b3 b2 bi 


rofefofopoy mC IN[V[m]x]O] i [zfc 


Note : Bits 11 to 15 will always be “0” when the contents of the processor status register are read. 





Fig.1.2.4 Processor Status Register 


(1)Carry flag (C) 
The carry flag is assigned to bit 0 of the processor status register. It contains the carry or borrow 
bit from the arithmetic and logic unit (ALU) after an arithmetic operation. This flag is also affected 
by shift and rotate instructions. This flag can be set with the SEC or SEP instruction and cleared 
with the CLC or CLP instruction. 


(2)Zero flag (Z) 
The zero flag is assigned to bit 1 of the processor status register. It is set if the result of an 
arithmetic operation or data transfer is zero and cleared if otherwise. This flag can be set and 
cleared directly with the SEP and CLP instructions. 
Note : The content of this flag has no meaning during decimal mode addition (ADC instruction). 


(3)Interrupt disable flag (I) 
The interrupt disable flag is assigned to bit 2 of the processor status register. It disables all maskable 
interrupts (interrupts other than watchdog timer, BRK instruction, and zero divide). Interrupts are 
disabled when this flag is “1”. When there is an interrupt, it is set automatically to prevent multiple 
interrupts. This flag can be set with the SEI or SEP instruction and cleared with the CLI or CLP 
instruction. This flag is set during reset. 


~ (4)Decimal mode flag (D) 
The decimal mode flag is assigned to bit 3 of the processor status register. It determines whether 
addition and subtraction are performed in binary or decimal. Binary arithmetic is performed when 
this flag is “O”. If it is “1”, decimal arithmetic is performed with each word treated as two or four digit 
decimal (determined by the data length flag m). Decimal adjust is performed automatically (Decimal 
operation is possible only with the ADC and SBC instructions.) This flag can be set and cleared with 
the SEP and CLP instructions. This flag is cleared during reset. 


(5) Index register length flag (x) | 
The index register length flag is assigned to bit 4 of the processor status register. It determines 
whether the index register X or index register Y is used as a 16-bit register or an 8-bit register. The 
register is used as a 16-bit register when flag x is “O” and as an 8-bit register when it is “1”. This 
flag can be set and cleared with the SEP and CLP instructions. This flag is cleared during reset. 


(6) Data length flag (m) 
The data length flag is assigned to bit 5 of the program status register. It determines whether to 
treat data as 16-bit or as 8-bit. A data is treated as 16-bit when flag m is “0” and as 8-bit when it 
is “1”. This flag can be set with the SEM or SEP instruction and cleared with the CLM or CLP 
instruction. This flag is cleared during reset. 
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(7)Overflow flag (V) 

The overflow flag is assigned to bit 6 of the processor status register. It is used when adding or 
subtracting a word as signed binary. When the data length flag m is “0”, the overflow flag is set 
when the result of addition or subtraction is outside the range between —32768 and +32767. When 
the data length flag m is “1”, the overflow flag is set when the result of addition or subtraction is 
outside the range between -128 and +127. It is cleared in all other cases. The overflow flag can 
also be set and cleared directly with the SEP, CLV, and CLP instructions. 

Note : This flag no meaning in decimal mode. 


(8)Negative flag (N) 
The negative flag is assigned to bit 7 of the processor status register. It is set when the result of 
arithmetic operation or data transfer is negative (Data bit 15 is 1 when data length flag m is “0” or 
data bit 7 is 1, when data length flag m is “1”.). It is cleared in all other cases. It can also be set 
and cleared with the SEP and CLP instructions. 
Note : This flag has no meaning in decimal mode. 


(9)Processor interrupt priority level (IPL) 

The processor interrupt priority level (IPL) is assigned to bits 8, 9, and 10 of the processor status 
register. These three bits determine the priority level of processor interrupts from level 0 to level 
7. Interrupt is enabled when the interrupt priority level of the requested interrupt (set with the 
interrupt contro! register) is higher than the processor interrupt priority. When an interrupt occurs, 
the IPL is saved in the stack and the processor interrupt priority is replaced by the interrupt priority 
of the accepted interrupt. This simplifies control of multiple interrupts. 

There are no instructions to directly set or clear the IPL. It can be changed by placing the new IPL 
on the stack and updating the processor status register with a PUL or PLP instruction. 
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2.2 Internal Bus Interface 


2.2.1 Internal bus interface overview 

A bus interface unit (BIU) is provided between the CPU and the internal bus. Transfer of data between 
the CPU and memory or I/O device is always performed through the BIU. When the CPU reads data 
from memory or an I/O device, it sends the address to be read to the BIU. The BIU reads the data from 
the specified address and the CPU receives the data from the BIU. Similarly, the CPU sends the 
address to be written to the BIU when writing data. Thus the BIU controls the transfer of data between 
the CPU and bus. 

Figure 2.2.1 shows a block diagram of the bus interface unit. 


Peripheral 
devices 


External 


Even address data bus (8 bits) 


7 Odd address data bus (8 bits) 


~ Address bus (24 bits) 





Fig.2.2.1 Internal Bus Interface Block 


2.2.2 Bus Interface unit functions 

The M37700 uses the clock @ (=f(xXin)/2) as the clock. The CPU also uses clock @ as the clock. However, 
since the CPU clock may be extended due to CPU wait under certain conditions, it is referred to as @cpu 
to distinguish it from clock @. 

The M37700 internal bus (address bus and data bus) operate at timing E which is slower than clock @ 
The operating clock of the CPU is different from the bus cycle because timing E is normally f(xin)/4. 
Therefore, a BIU is provided between the CPU and bus to synchronize the transfer of data to and from 
memory and I/O device. The BIU enables the CPU to transfer data to and from memory through the bus 
without decreasing the instruction execution speed. | 
The BIU consists of four registers as shown in Figure 2.2.2. Table 2.2.1 summarizes the functions of 
each register and buffer. 


Table 2.2.1 Functions of BIU Registers and Buffers 


Name Function 
Program address register /|Indicates the address of the program. | 
Instruction queue buffer A three bytes buffer for temporarily holding instruction prefetched from 
memory. 
Data address register Indicates the address to be read from or to be written to memory or I/O. 
Data buffer A two bytes buffer for temporarily holding data read from memory or I/O 


device by the BIU or data written to memory or /O device by the CPU. 
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Program address register 


Instruction queue buffer 


Data address register 


Data buffer 





Fig.2.2.2 Bus Interface Unit Registers 
The BIU performs the following operations. 


1.Prefetches an instruction code from the program memory (area where the program is stored) 
and stores it in the instruction queue buffer. 
Normally, a program is executed sequentially in ascending order of addresses. Therefore, if the next 
instruction code is prefetched in the instruction queue buffer, the CPU can execute instructions simply 
by obtaining the instruction code from the instruction queue buffer. This will eliminate the time needed 
by the CPU to access the memory. 
When the CPU is not using the bus (for example when performing register to register operation), the 
BIU reads an instruction code from the program memory (area where the program is stored) and 
stores it in the instruction queue buffer. Data up to three bytes can be prefetched because the 
instruction queue buffer is three bytes long. Refer to “Section 2.2.4“ for more information concerning 
instruction code prefetch. 


2.Reads data at the specified address into the BIU when the CPU requests data in memory and 
transfers it to the CPU. 
When executing instructions that processes data in memory or I/O device, the CPU must access the 
address assigned to the memory or |/O device and read the data. Because the operating clock of the 
CPU and bus are different, the CPU reads the data through the data buffer of the BIU. 


3.Writes the data obtained from the CPU to the specified address in memory. 
When writing data to a specific address, the CPU sends the address and data to the BIU. And after 
that, the CPU continue to execute the next instruction extracting from the instruction queue buffer, 
because actual writing to memory or I/O device is performed by the BIU. 


4.Controls read of word data from odd number address and outputs the control signals required 
to access external memory in byte unit. 
The transfer of data between the CPU and BIU is always performed through a 24. bit address bus and 
16-bit data bus. This is also true between the BIU and internal memory or I/O device. The wait bit 
and BYTE pin (external bus width selection input pin) determine the data width only when an external! 
memory is accessed. 
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2.2.3 Bus Interface unit operations 

Figure 2.2.3 shows the operating waveforms of the bus interface unit in memory expansion mode or 
microprocessor mode. The M37700 BIU always operates at one of the waveforms shown in Figure 2.2.3. 
The meaning of signals ALE and E in Figure 2.2.3 are as follows: 

@ ALE (Address Latch Enable) 


Signal used to latch only address signals from Table 2.2.2 Bus Status According to E and R/W 





‘multiplexed signals containing data and E Bus Status 
address. H Not used 
@E | H Not used 
Signal set to “L” level when the bus interface L H Read 
unit reads instruction code or data from memory L L Write 
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or when it writes data to memory. Table 2.2.2 
shows the bus status according to E and R/W 
signals. 


(1)Basic operation 


Waveform (a) is the bus interface operating waveform under the following conditions: 

@ When a one byte internal/external memory is accessed. 

@ When two bytes in internal memory are accessed together (starting on an even address). 

@ When two bytes in external memory are accessed together (starting on an even address when 
the BYTE pin is at “L” level). . 

Waveform (b) is the bus interface operating waveform when accessing in byte unit under the 

following conditions: 

@ When two bytes in internal/external memory are accessed together (starting on an odd address). 

@ When two bytes in external memory are accessed together with the BYTE pin at “H” level. 

As obtaining the instruction code from memory into the instruction queue buffer, waveform (a) is 

only used. | 


Waveforms (a) and (b) are the basic operating waveforms of the BIU. Waveform (a) or (b) is always 
used when accessing the internal memory. However, signals other than E cannot be observed in 
single-chip mode because the port P3 is used as a programmable 1/O port. 


(2)Effect of the wait bit 


When accessing the external memory area, the BIU operating waveform changes according to the 
wait bit. | 

With the M37700, the external memory access time can be doubled (signal E is doubled) by clearing 
the wait bit (bit 2) in the processor mode register (005E16). This enables external expansion of slow 
memories and peripheral LSls. | 


Note : Internal memory access is not affected by the wait bit. 


Figure 2.2.3 (c) to (f) show the effect of the wait bit on waveforms (a) and (b). Waveform (c) is the 
waveform when an external memory area is accessed under the conditions for waveform (a) with 
the wait bit cleared. 

Waveforms (d) to (f) are the waveforms when an external memory area is accessed under the 
conditions for waveform (b) with the wait bit cleared. The entire waveform is affected by the wait 
bit for waveform (d) and the first half or the last half is affected respectively for waveforms (e) and 


-(f). 


2.2 Internal Bus Interface 





intemalclocko =f | [ | [ LI LJ LE LI LI LI LI] 


Port P2 (A XD } 
(a) : |__| 
ALE | | 
}+¥—~-——> 
| Port P2 (A XD XA X D ?) 
(b) ce ar es ee! eee 
ALE | | | | 
+} 
Port P2 (A fk D_?) 
6 Bo )0—”~*«~ eee 
ALE | | 
ne 
Port P2 (A KX 90 KX At KX DD } 
(d) E ET ei | 
ALE | | | | 
es a ee 
Port P2 (A KX dD  fatX D>) 
(e) & | | | | 
ALE | | | 


Port P2 (AX XAT YX >) 
() Bo ee” CE 
ALE | | | | | 


@ A: Address 
@ D: Data 
@ The waveform is for memory expansion mode or microprocessor mode. 


Fig.2.2.3 Bus Interface Device Operating Waveform 
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2.2.4 Data read/write operations 
(1)instruction code read 
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The CPU reads instructions codes from the instruction queue buffer of the BIU and executes them. 
The CPU notifies the BIU that an instruction code is needed during the instruction code fetch cycle. 
At this point, the operation depends on whether the instruction queue buffer contains an instruction 
code or not. If there is an instruction code in the instruction queue buffer, it is passed to the CPU. ~ 
If there is no instruction code in the instruction queue buffer, or if the amount of data in the 
instruction queue buffer is less than the necessary instruction code, the BIU halts the CPU until a 
sufficient amount of instruction codes is stored in the instruction queue buffer. 

Even when there is no request for instruction code from the CPU, if the instruction queue buffer is 
empty or if there is only one instruction code and the bus is available at the next cycle (the CPU 
does not use the bus at the next cycle), the BIU reads instruction codes from memory and stores 
them in the instruction queue buffer (instruction prefetch). During instruction prefetch, if the first 
address accessed when reading an instruction code from memory is even, then the data at the next 
odd number address is also read and stored in the instruction queue buffer. If the first accessed 
address is odd, only one byte is read and stored in the instruction queue buffer. However, if the 
instruction code is read from external memory with the BYTE pin at “H” (external bus width 8-bits) 
in memory expansion or MICIOPISCESSor mode, only one byte is read regardless of the accessed 
address. 

Instruction code read is performed with operation (a) or (c) shown in Figure 2.2.3. When a branch 
or a jump or subroutine call instruction or an interrupt is executed, the content of the instruction 
queue buffer is cleared and a new instruction code is read from the new address. 


(2)Data read/write 


The CPU reads and writes data from/to the BIU data buffer. The CPU issues a request to BIU when 
it attempts to read or write data. At this point, if the BIU is using the bus or if there is a higher 
priority request, the CPU is made to wait until the BIU becomes ready. When the bus is available 
for data read or write, the BIU operates at one of the waveforms (a) to (f) shown in Figure 2.2.3. 
@ Data Read 
When the CPU requests data from the BIU, it waits until the data is became complete data in 
the data buffer. The BIU sends the address received from the CPU on the address bus, reads 
the content of memory when E is “L”, and stores it in the data buffer. 
@ Data Write 
The CPU sends address data (address at which the data is written) and data to BIU. 
The address data is written in the BIU data address register and the data is written in the data 
buffer. The actual writing in memory is performed by BIU and the CPU can proceed to the next 
step without waiting for the BIU to complete writing data in memory. The BIU sends the address 
data it received from the CPU to the address bus, sends the contents of the data buffer to the 
data bus, and writes it to memory when E is “L”. 


2.3 Addressable Memory Space 





2.3 Addressable memory space 

The M37700 allocates all ROM, RAM, I/O, and various control registers in the same memory space. 
Therefore, data transfer and operation can be performed with the same instruction without distinguishing 
memory and 1/O area. 

The M37700 program counter (PC) consists of 16 bits. It is used together with an 8-bit program bank 
register (PG) to directly address a 16M-byte address space from O16 to FFFFFFte. 


2.3.1 Banks 

The M37700 address space is divided into 64K byte blocks called banks. The Series MELPS 7700 can 
access 256 banks from bank 0 to bank 255 (FFie) in memory expansion or microprocessor mode. 
The high order 8 bits of the 24-bit address indicate the bank and the content of the program bank 
register (PG) or the data bank register (DT) indicates the bank to be used. 

lf the program counter overflows at a bank boundary, the content of the program bank register is 
incremented by 1. If a borrow occurs in the program counter register, the content of the program bank 
register is decremented by 1. Therefore, programs can be written without considering the bank 
boundaries. The banks can be accessed efficiently by using an addressing mode that uses the data 
bank register. : 

Bank 0 (addresses Ois to FFFFis) contains the internal ROM, internal RAM, and internal I/O control 
registers. 

Note : In single-chip mode, only bank 0 can be accessed. 


2.3.2 Direct Page 
By using the direct page register (DPR), bank 0 or a 256-byte space Spanning across bank 0 and bank 


1 can be accessed with fewer instruction cycles in direct page addressing mode. This area is referred 
to as the direct page and is normally used for frequently accessed information (see “Section 2.1.8 Direct 


Page Register”). 
Special function registers 
Internal RAM 


C00016 
Internal ROM 
FFFFi6 


1000016: 


BBVEWBests’Ussweses 


1FFFFi6 
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é 
¢ 
é 
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FE000016! 


Bank 254 
(Bank FE16 ) 


een: 


Bank 255 
(Bank FF i¢ ) 


FFFFFFt6 $ 
The memory allocation of bank 0 depends on the microprocessor type. This diagram shows 
the allocation for M37700M2-XXXFP and M37700M2AXXXFP. Refer to the M37700 family 
memory map in Appendix 5 for other types. Also note that only bank 0 can be accessed in 
single-chip mode. 
Fig.2.3.1 Addressable Memory Space 
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2.4 Memory Allocation 
Figure 2.4.1 shows the memory map in single-chip mode. The allocated memory and I/O are described 
below. 


2.4.1 Internal memory and peripheral device memory allocation 
(1)SFR area 
Addresses 000016 to 007Fie of bank O are the SFR (Special Function Register) area. This area 
contains the control registers of internal peripheral devices, I/O ports, timers, and so on. Internal 
peripheral devices can be accessed through these registers. Figure 2.4.2 shows the memory map 
of the SFR area. 


00000016 


00007Fie 
00008016 


Special function registers 


Interrupt voctor table 


Internal AM ae A-D conversion (© 
: Hiah 
00027Fi6 Perea UART 1 transmission bow 
00028016 : EEDA High 
‘ ; -UART 1 receive ‘ow 
ot use ALL 
| FFDCt6 UART 0 transmission oe 
OQOBFFF as 
00C000:6 F PEvee UART 0 receive et 
FFEOi6s Timer Bo Low 
High 
FFE216 Timer B1 Low 
High 
FFE4i6 Timer BO Low 
High 
FFE6i6 Timer A4 Low 
High 
FFEBi6 Timer A3 Low 
High 
FFEAts Timer A2 Low 
High 
FFECi.6 Timer At Low 
High 
FFEEt6 : Ow 
Internal ROM Timer AO f 
FFFOt6 INT2 Low 
FFF216 INT1 
FFF 416 Ti 
paren Watchdog timer 
OOFFD5i6 | —Hiah 
16 £ . ‘ 
OOFFD6i6 f cea BRK instruction ‘on 
2 FFFCie cae Ow 
Interrupt vector table Zero Divide High 
FFFEt6 
OOFFFFie § 





wer rrr rr rw wr wr rwrerwr rrr rrrer er 


Note : DBC is an interrupt for the exclusive use of the debugger and is not available to use. 
Fig.2.4.1 Memory Map (Single-chip mode) 
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000000 
000001 

000002 
000003 
000004 
000005 
000006 
000007 
000008 
000009 
OO000A 
00000B 
00000C 
00000D 
OOO00E 
OOOO0OF 
000010 
000011 

000012 
000013 
000014 
000015 
000016 
000017 
000018 
000019 
00001A 
00001B 
00001C 
00001D 
00001E 
00001F 
000020 
000021 

000022 


000023 


000024 
000025 
000026 
000027 
000028 
000029 
00002A 
00002B 
00002C 
00002D 
00002E 
00002F 
000030 
000031 

000032 
000033 
000034 
000035 
000036 
000037 
000038 
000039 
00003A 
00003B 
00003C 
00003D 
00003E 
00003F 


Address (Hexadecimal notation) 


Port PO register 
Port P1 register 
Port PO data direction register 
Port P1 data direction register 
Port P2 register 
Port P3 register 
Port P2 data direction register 
Port P3 data direction register 
Port P4 register 
Port P5 register 
Port P4 data direction register 
Port P5 data direction register 
Port P6 register 
Port P7 register 
Port P6 data direction register 
Port P7 data direction register 
Port P8 register 


Port P8 data direction register 


A-D control register 
A-D register 0 
A-D register 1 
A-D register 2 
A-D register 3 
A-D register 4 
A-D register 5 
A-D register 6 
A-D register 7 


UART 0 transmit/receive mode register 
UART 0 baud rate generator 


UART 0 transmission buffer register 


UART 0 transmit/receive control register 0 
UART 0 transmit/receive control register 1 


UART 0 receive buffer register 


UART 1 transmit/receive mode register 
UART 1 baud rate generator 


UART 1 transmission buffer register 


UART 1 transmit/receive control register 0 
UART 1 transmit/receive control register 1 





UART 1 receive buffer register 


Fig.2.4.2 SFR Area Memory Map 


000040 
000041 

000042 
000043 
000044 
000045 
000046 
000047 
000048 
000049 
00004A 
00004B 
00004C 
00004D 
00004E 
00004F 
000050 
000051 

000052 
000053 
000054 
000055 
000056 
000057 
000018 
000059 
O0005A 
00005B 
00005C 
00005D 
OOO05E 
O0005F 
000060 
000061 

000062 
000063 
000064 
000065 
000066 
000067 
000068 
000069 
O00006A 
00006B 
00006C 
00006D 
OOOO6E 
OOOO6F 
000070 
000071 

000072 
000073 
000074 
000075 
000076 
000077 
000078 
000079 
00007A 
00007B 
00007C 
00007D 
00007E 
00007F 


2.4 Memory Allocation 





Address (Hexadecimal notation) 
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Timer A4 interrupt control register 
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Each bit in the register can be either read only, write only, or read/write bit. An attempt to write to 
a read only bit is ignored and the result is unpredictable when a write only bit is read. 

Some registers in the SFR area prohibits the use of instructions such as CLB or SEB that performs 
read-modify-write. See “Chapter 7. Usage Precautions” for more details. 


(2)RAM 
The M37700M2-XXXFP and M37700M2AXXXFP have a 512- -byte static RAM at addressee 008016 
to 027Fie (Note) of bank 0. In addition to storing data, the internal RAM area is used as stack area 
during subroutine calls and interrupts. Therefore, be careful of subroutine nesting levels and multiple 
interrupt levels so that important data is not destroyed. 
Note : See “Appendix 4. M37700 Family Memory Map” for other types. 


(3)ROM 
The M37700M2-XXXFP and M37700M2AXXXFP have a 16K-byte mask ROM at addresses C0006 
to FFFFie (Note) of bank 0. Addresses FFD6:6 to FFFFie are allocated to the interrupt vector table 
containing branch destinations (address of interrupt handling routines) when a reset or interrupt 
occurs. This area must be allocated to ROM in microprocessor mode and external ROM version (S 
version) which prohibit internal ROM. 
Note : See “Appendix 4. M37700 Family Memory Map” for other types. 


2.4.2 Processor modes 

The M37700 can operate in single-chip mode, memory expansion mode, and microprocessor mode. The 
functions of some pins, memory organization, and address space depend on the processor mode. The 
processor mode can be selected internally or externally as described below. 


@ Externally changing the processor mode 
The processor mode after a reset start can be selected with the input level to the CNVss pin during 
reset start. Table 2.4.1 shows the relationship between the processor mode and the input level to 
the CNVss pin. 


Table 2.4.1 Relationship between the Processor Mode and CNVss Pin Input Level 


CNVss_ Pin Processor Mode 
Vss level (OV) Starts in single-chip mode after a reset. 
One of the three modes can be selected by changing the processor mode bit. 
Vcc level (5V) Starts in microprocessor mode after a reset. 


The other mode must not be selected by changing the processor mode bit. 


@ Internally changing the processor mode 
After a reset start with the CNVss pin set to Vss level, the processor mode can be sitanaed 
internally from a program by changing the processor mode bits (bits 1 and O at address 5E:e) in the 
processor mode register. Figure 2.4.4 shows the bit configuration of the processor mode register. 
When changing the processor mode internally, the actual function of each pin changes when the 
bus cycle E used to write to the processor mode register returns to “H” level. 


Bus cycle E_ a | | Port function changes 
at the rise of E 


Cycle of writing data 
for processor mode 
register 


é 
‘ 
, 
, 
’ 
‘ 
, 
‘ 
‘ 
, 
¢ 
‘ 
4 





Fig.2.4.3 Port Function Change Timing due to Change in Processor Mode 
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(1)Single-chip mode 
This mode is entered when starting after a reset with pin CNVss set to Vss level. In this mode, the 
address bus and data bus are not output externally and all ports function as programmable |/O pins 
(internal peripheral device I/O pins when internal peripheral devices are used). Also note that in 
single-chip mode, a non-zero value must not be stored in the data bank register and program bank 
register because only bank 0 is accessible. Furthermore, in this mode, the wait bit, which is 
described later, is ignored and internal memory and I/O are always accessed at no wait. 


b7 b6 b5 b4 _ b3 b2_ Ot 


b0 
| 10 Lal re Processor Mode Register (Address 5E16) 


Processor mode bits 


Mode 
Single-chip mode 


Memory expansion mode 
Microprocessor mode 


This connot be avaolable 


pape 


Wait bit 


Wait during external access 


1 No wait 


Software reset bit 


1 


Software reset activated by writing “1” 


Interrupt priority detection time selection bits 
Detection time 
7 cycles at internal clock @ 
4 cycles at internal clock @ 


2 cycles at internal clock o 


ok 


te eee 
iis RES 


This connot be avaolable 
This bit must be "0" 
Internal clock @ output selection bit 
@ output disabled 
(Pin 42is normal I/O port) 
,| 2 output enabled 
(Pin 42is @ output pin) 


Note : Use the LDM or STA instruction to write to this register. 
(Do not use read-modify-write type instructions such as CLB or SEB.) 


Fig.2.4.4 Processor Mode Register Bit Structure 
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(2)Memory expansion mode 


This mode is used when just using internal memory and I/O is not sufficient. In this mode, the 
memory and peripherals can be expanded to any area within a 16M-byte addressable memory — 
space. 

When the memory expansion mode is selected, ports PO to P2 become the address bus and data 
bus and port P3 and part of P4 become the control signal I/O pins. In this case, the port register 
area associated with ports PO~P3 and part of P4 become unusable and lose their normal. 1/O pin 
functions, but other memory and peripherals can be used. See “Section 2.5 Input/Output Pins” for 
more details concerning the functions of ports PO~P4 when the memory expansion mode is selected. 
If an area overlapping the internal memory area is read when the external memory is extended, only 
the data in the internal memory is read into the CPU and the data in the external memory is not 
read into the CPU. However, if data is written in this area, it is written both in the internal memory 
and external memory. 

Furthermore, the accessing of external memory in this mode is affected by the level of the BYTE 
pin and wait bit described in the next section. 


(3)Microprocessor mode 


The function of this mode is the same as the memory expansion mode except that access to internal 
ROM is disabled. This mode is suitable for small volume production or prototype models before full 
scale production because external ROM can be installed easily. 

Figure 2.4.5 shows the memory allocation in each processor mode. See “Section 2.5 eee 
Pins” for the change in port functions. 


00000016 SFR area SFR area 
co ae 


00008016 
Internal Internal Internal 
RAM RAM RAM 
00027Fie eS ™ - 
00C000%6 . 
Internal Internal 
ROM ROM 
OOFFFF ie | 


0100006 F: 
Single-chip 
mode 


FFFFFFt6 L 


Memory expansion Microprocessor 
mode mode 


: External memory area 


Note : Addresses 216 to 916 can also be used as external memory area in memory expansion mode 
and microprocessor mode. 





Fig.2.4.5 Memory Map in Each Processor Mode (M37700M2-XXXFP) 
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2.4.3 External memory area bus control 

The BYTE pin and the wait bit are provided to simplify access to external memory area in memory 
expansion mode and microprocessor mode. The BYTE pin and the wait bit are valid only when accessing 
external memory area and have no effect when accessing internal memory or internal peripherals. 
Therefore, the BYTE pin and the wait bit are ignored in single-chip mode. 


(1)BYTE pin (external bus width selection pin) 
When accessing the external memory in memory expansion mode or microprocessor mode, the 
input level to the BYTE pin is used to select between 8-bit data bus and 16-bit data bus. (See (2) 
Data bus in section 2.5.4) 
The external bus width becomes 8-bits when the BYTE pin is at “H” level. In this case, data read/ 
write to the external area is always performed in 8-bit (1-byte) unit and the port P2 pins become 
the data (Do~D7) I/O pins. The use of 8 bit peripheral ICs is simplified by setting the bus width for 
external area to 8-bits. 
The external bus width becomes 16-bits when the BYTE pin is at “L” level. In this case, data read/ 
write to the external area is always performed in 16-bit (1 word) unit and the port P2 pins become 
the data I/O pins for the low order byte (even address data: Do~D7) of a 16-bit data and the port 
P1 pins become the data 1/O pins for the high order byte (odd address data: Ds~Dis) of a 16-bit 
data. 
The data width is always 16-bits when accessing the internal memory area regardless of the BYTE 
pin level. 


(2)Wait bit 

The wait bit (processor mode register bit 2) is provided to attach slower memory when expanding 
external memory or I/O in memory expansion mode or microprocessor mode. When the wait bit is 
“0”, a wait for external area access is enabled (one-shot wait mode) and bus operation is performed 
at 1/2 the bus cycle (f(Xin)/4) during no wait. When the wait bit is “1”, bus operation becomes no 
wait mode and bus cycle is f(xXin)/4. 

The wait bit is cleared during reset and the system starts in one-shot wait mode. Internal memory 
access is always performed at no wait because this bit is ignored. 


(a) Waveform when the external memory area is accessed with the wait bit set 


rte Yeon ta saan Xam 
ALE | | | | 


This waveform is always used when accessing the internal memory. 


(b) Waveform when the external memory area is accessed with the wait bit cleared 


Internal clock @ | | | | | | | | | | | | | | | | | | | 
ALE | | | | 


For internal memory area access, waveform (a) is used even when the wait bit is “O”. 
Fig.2.4.6 Effect of Wait Bit for External Access 








29 


CHAPTER 2.FUNCTIONAL DESCRIPTION 





2.5 mpubOutput Pins 


2.5.1 Programmable 1/O ports 

Each of the programmable I/O ports (PO~P8) has a data direction register which is used to select the 
- input/output direction one bit unit. A port is used as an output pin when the corresponding bit in the port 

data direction register is “1” and as an input pin when the corresponding bit is “0”. The port data 
_ direction register is allocated in the SFR area of bank Q. The input level/data can be read/write from 

a pin set to input/output by performing read/write to the port register, epee: . 


(1)Data direction register 
A data direction register corresponding to each port is allocated in the SFR area of bank 0. Each 
bit of the data direction register corresponds to a pin. Figure 2.5.1 shows the relationship between 
the direction register bits and pins. The I/O direction of the port is selected using the data direction 
register bits. The port is set to input pin when the corresponding bit is “O” and to output pin when 
the corresponding bit is “1”. 
At reset, the data direction registers are initialized to “O0i6". Therefore, !/O ports are set to input. 


CELTITTT- Port Pi data direction register (i=0 to 8) 


Port Pio 
Port Pi 
Port Pi2 
Port Pi3 
Port Pi4 (Note) 


Port Pis (Note) 
Port Pig (Note) 
Port Piz (Note) 


The 1/0 mode of each pin is determined by the value of the corresponding bit. 
0: Input mode (the corresponding pin is an input pin) 
1: Output mode (the corresponding pin is an output pin) 





Note : The high-order 4 bits of port P3 data direction register are unused. 
Fig.2.5.1 Relationship between the Port Data Direction register and Pins 
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(2)Port register 

The port register is used to transfer data with external devices through the I/O ports. To output data 
from a port set to output, the data must be written to the corresponding bits of the port register. This 
data is written in the port latch and is output from the port that is set to output. If a port programmed 
for output is read, the content of the port latch is read. Therefore, the previously output value can 
be read correctly even when the output “H” voltage drops or “L” voltage rises due to external load. 
A pin programmed for input is floated and the value input to the pin can be read by reading the 
corresponding bit of the port register. If a value is written to a pin programmed for input, it is written 
in the port latch and the pin remains floating. 


b7 b6 b5 b4 b3 b2 bt b0 
fo} | ff} ff | Port Pi register (i=0 to 8) 


Port Pio 
Port Pi 1 
Port Pi2 
Port Pi3 
Port Pi4 (Note) 
Port Pis (Note) 
Port Pig (Note) 
Port Piz (Note) 











Data 1/O is done by reading/writing the bit corresponding to the pin. 


Note : Reading the high-order 4 bits of port P3 register always results in “0”. 


Fig.2.5.2 Relationship between the Port Register and Pins 
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2.5.2 Pin functions | 

Figure 2.5.3 shows the port peripheral circuits. The functions of some pins depend on the processor 
mode while others are not affected. This section describes those pins that are not affected by the 
processor mode. The next section describes the pin functions according to the processor mode. 


(1)Effect of processor mode on pin functions 
The function of some pins depends on the processor mode. Tables 2.5.1 and 2.5.2 dow the pin 
functions according to processor mode. The function of port P1 also depends on the input level of 
the BYTE pin (external bus selection input pin). The details of the following pins are described in 
the next section. 


Table 2.5.1 Pin Functions According to Processor Mode 


| . oer Memory expansion mode and microprocessor mode 
Pin = single-chip mode | External 16-bit bus (BYTE="L’) | External 8-bit bus (BYTE=H” 


Port PO | Programmable 1/O port. nceress bus (Ao~A7) 

/Data bus seas 
Port P2 | Programmable 1/O port | Programmable 1/O port port Address bus (Ate~Az3)/Data bus (Do~D7 
Port P3 Programmable I/O port | P3o....R/W output pin 








P31....BHE output pin 

P32....ALE output pin 

P33....HLDA output pin 

Programmable 1!/O port | P4o0....HOLD input pin 

Note : P42 pin can bel P4:1....RDY input pin 

programmed as P42~P47....same as single-chip mode 

@ output pin. Note : P42 pin can be programmed as @ output pin. 


BYTE External bus selection input pin 





Port P4 





Ports P07~P0Qo, P17~P10, P27~P2op, 
P3s~P30, P4e~P42 lees 


(dotted area not included) —— a) 


Data bus 
Ports P40, P41, P47, P51, P53, P5s, 


P57, P67~P61, P82, P8e sil 
4 


(dotted area included, however no 
hysteresis for P82 and P8e) 


Ports P7e~P7o (dotted area not included) heed 
Port P77 (dotted area included) 


Data bus 
a: 


4 


Analog input 





Fig 2.5.3 Port Peripheral Circuit (a) 
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Ports P83, P87 
(dotted area not included) 


hc ae 


ian 


4 
4 





Ports P50, P52, P54, P56, P60 Data bus 
(dotted area included) 


rr ony 





Ports P80, P81, P84, P85 


Data bus 





E output pin 


—+ 


J 
t+—O 
u| 


Fig 2.5.3 Port Peripheral Circuit (b) 
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Table 2.5.2 Functions of Ports PO~P4 by Processor Mode — . 


Pe TOMO ee ee 
Seas <x LeRRAAREEE RNR: AES: NN DERI SC 
\ ode] ____Single-chip mode_____|Memory expansion mode | "Microprocessor mode _ 
a Peer: ee Bo” CF 
Port PO 
PQ7~ 
Eo POQo 





BYTE="L” 


Port P1 


4 
Pio I/O port 


BYTE="H” 


BYTE="L” 


Port P2 


i 
P3, I/O port 


Processor 
mode 
register 
bit 7="0” 


Port P4 


Processor 
mode 
register : 
bit 7="1” Note : Same as above except for P4a. Note : Same as above except for P4a. 
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(2)Functions of pins unaffected by processor mode 
Table 2.5.3 shows the functions of pins not affected by processor mode. The functions of these pins 
are the same in all modes. 


Table 2.5.3 
| Pin 
Port P5 
Port P6 
Port P7 
Port P8 
Vcc, Vss 
CNVss 


AVcc, AVss 
V REF 


XIN, XOUT 





mi 


Functions of Pins Unaffected by Processor Mode 

Function 
8-bit programmable |/O pin. (Also used as timer I/O pin.) 
8-bit programmable |/O pin. (Also used as timer I/O and external interrupt input pin.) 
8-bit programmable I/O pin. (Also used as analog input pin. 
8-bit programmable 1/O pin. (Also used as serial I/O pin. 
Supply voltage pins. 5V+10% is applied to Vcc and Vss is connected to GND. 
This pin controls the processor mode. The processor mode is selected by changing the 
input voltage level to this pin (except change after reset start). See “Section 2.4.2 Processor 
Modes” for detail information concerning the processor mode. In single-chip mode, this pin 
must be set to the same level as Vss. _ 
A-D conversion circuit supply voltage pins. Connect AVcc to Vcc and AVss to Vss. 
Reference voltage input pin for the A-D converter. Analog input voltage from Vss level to 
the level of this pin can be converted. Apply any voltage up to Vcc level to this pin. 
Clock I/O pin for the internal oscillator circuit. The M37700 is equipped with an internal clock 
generator and the oscillating frequency is set by connecting a ceramic resonator or quartz 
crystal oscillator between Xin and Xour. When an external clock is used, the clock source 
should be connected to the Xin pin and the Xour pin should be left open. 
The maximum clock input frequency is 8MHz for M37700M2-XXXFP and 16MHz for 
M37700M2AXXXFP. —_ 
Reset input pin. Set this pin to “L” level to enter the reset state. Then when this pin is 
returned to “H” level, the reset state is deactivated and program loading starts from the 
address set in the reset vector. See “Chapter 3. Reset” for the contents of registers 
immediately after returning from reset. 
Internal bus cycle E is output. 





Ports P5 to P8 have the programmable |/O port function as well as special functions such as 1/O 
pins for external interrupt, timer, A-D convertor, and serial I/O. When these multiple function ports 
are used as special function output pins, they are automatically set to output mode, but when they 
are used as special function input pins, the port direction register must be set to input mode. In this 
case, the pin input level can be read from the port register. The methods for selecting special 
functions are described under each function. 

As for port P42, an internal clock @ is output from this pin when the processor mode register bit 7 


is set. 


All ports function as programmable 1/O port immediately after returning from reset. 
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2.5.3 Single-chip mode pin functions. 

In single-chip mode, 68 ports can be used as programmable I/O pins (using multiple function pins as 
I/O ports). 

Figure 2.5.4 shows the I/O pins during single-chip mode. 

Table 2.5.4 shows the functions of processor mode dependent pins (ports PO~P4, BYTE) during single- 
chip mode. See section “2.5.1 Programmable I/O Ports” for the programmable I/O port functions. 
See table 2.5.3 for the functions of other pins. 


Table 2.5.4 Functions of Ports PO~P4 and BYTE Pin in Single-Chip Mode 


Pin | Pin Functions 
Port PO Port P3 ——s«|4-bit programmable I/O port. 
Port P1 Port P4_[8-bit_ programmable I/O port 
Port P2 BYTE ignored in single-chip mode 


AN? /ADrrc 
|e] <= P8&/CTSo/ RTS 


AVcc 
Vcc 
ea —s P81 / CLKo 


TR] «we» P82/ RxDo 
| &] <«~ P83/TxDo 


rx] =<» P77 
| 3] 
|} 
| | 
| 3 
| 8) 


P70 / ANo P84/ CTS1/ RTS: 
P67 / TB2in P85/CLKi 
P66 / TB1in P86 / RxD1 
P6s / TBO P87 / TxD1 
P64 / INT2 POo 
Pé3/INTi , PO: 
P62/ INTo P02 
P61 / TA4in POs 
P60/ TA4our PO. 
P57/ TA3in , 


P56 / TASout 
P55 / TA2in 

lige M37700M2-XXXFP 
P53 / TAIN 

P52/ TA1out 


P51 / TAO 
_ P50/ TAOout 





Fig.2.5.4 Single-chip Mode Pin Connection Diagram 
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Port P42 can be programmed to output @ by setting the processor mode register (PMR). When the o@ 
output selection bit in the processor mode register is set to enable, @ output starts at the rising edge 
of bus cycle E that was pulled “L” to write “1” in the @ output selection bit. 


Write into PMR 


Bus cycle E | | 


9 output from P42 | | | | | | | 


~< First wave of f may be slightly short. 





Fig.2.5.5 @ Output Start Timing 
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2.5.4 Memory expansion and microprocessor mode pin functions 

The only difference between the memory expansion mode and microprocessor mode is whether access | 
to internal ROM is disabled or not. (See section “2.4.2 Processor Modes”.) The function of each pin is 
identical in memory expansion mode and microprocessor mode. | 
In memory expansion mode and microprocessor mode, there are 38 |/O ports (ports P42~P47 and 
P5~P8) as shown in Figure 2.5.6. The internal address bus and data bus can be used externally. 
Table 2.5.5 shows the functions of processor mode dependent pins (ports PO~P4 and ca in memory 
expansion mode and microprocessor mode. 

See Table 2.5.3 for the functions of other pins. 


Table 2.5.5 Pin Functions in Memory Expansion and Microprocessor Mode 


Pin Pin Functions 
Port PO [Address bus i asi(iti‘(sis—s*™Y External memory control signal output 
Port P1 External control signal input (Note 2) 
Port P2 External bus width selection signal input 


Note 1 : This may be address bus only depending on the input level of the BYTE pin. 

Note 2 : In memory expansion mode and microprocessor mode, the data direction registers of ports P4o 
and P4: must be set to input mode. 
If port P40 or P4: is read in these mode, the level of P4o or P4: is obtained. 


TRG 


AN7/ 
P80 /CTSo/RTSo 


| 3 ——e P81 /CLKo 
| | —» P82/RxDo 


Vcc 


| 3 
| 3] 
| 8] ———e 


P7o / ANo P84/CTS1/RISt 
P67 / TB2in P8s/CLK1 
P66 / TB11N P86 / RxD1 
P6s/ TBOIN P87/TxD1 

P6s/INT2 Ao 

P63 / INTs Ai 

P62 /INTo Az 
P61/ TA4N 

P60 / TA4out 
P57 / TASIN 
P56 / TASoutT 


oe M37700M2-XXXFP em 


P53 / TA1IN Ag/ Do 
P52 / TAt1out A1o/ Dio 
P51 / TAO Aint / Di 
P50 / TAQout As2/ Di2 
P47 Au3 / Disa 
P46 Ara /Di4 
P4s | Ais / Dis 

P4a A1s/ Do 

P43 A17/ D1 

P42 /o Ais / D2 

RDY A19/ D3 





Fig.2.5.6 Memory Expansion and Microprocessor Mode Pin Connection Diagram 
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The functions of each pin in memory expansion mode and microprocessor mode are described below. 


(1)Address bus Ports PO, P1, and P2 
Ports PO, P1, and P2 become address signal output pins and lose their programmable 1|/O port 
functions. 
The M37700 allows direct access to 16M-byte memory space from address 00000016 to FFFFFF ie. 
Therefore, 24 address signals are output externally in memory expansion mode and microprocessor 
mode which allow memory and I/O to be expanded externally. 


Ge a a Pe 


High-order address 
Middle address 


Low-order address 


Ge al 
sine —— fro ]Po] Peru Pe Pe 
Output 
Port P14 port 
Port PO 





Fig.2.5.7 Address Bus 


(2)Data bus 
In addition to address signal (high-order and middle address bus) output function, ports P1 and P2 
also function as data I/O pins. The level of the BYTE pin can be used to select between 8-bit or 
16-bit data bus width. 


@When the BYTE pin is at “L” (16-bit external bus width) 
When the BYTE pin is at “L”, the external bus width is 16 bits and even address data and odd 
address data are output simultaneously. 
Ports P1 and P2 are used as address bus and data bus and multiplexed (address signal and data 
signal) signals are output from these ports. 
Port P1 performs time division multiplexing of address data (A1s~As) output and odd address data 
input/output. Middle address data is output while E is at “H”, and odd address data input/output 
is performed while E is at “L”. 
Similarly, Port P2 performs time division multiplexing of address data (Azs~A16) output and even 
address data input/output. High-order address data is output while E is at “H”, and even address 
data input/output is performed while E is at “L”. 














ae ca a 


Data in odd address 


bl be! hl an hn al 


Data in even address 









a a 


Port P1 





>P PPP PPP 


Port P2 





Fig.2.5.8 Data Bus (when BYTE=“L”) 
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E 


Port P1 | Middle address Data in odd address 


Port P2 High-order address Data in even address 


Fig.2.5.9 Bus Timing when External Bus Width is 16 Bits 


Port PO Low-order address eT 





@When the BYTE pin is at “H” (8-bit external bus width) 
When the BYTE pin is at “H”, the external bus width becomes 8 bits and the output of data and 
address data (Azs~A1s) are multiplexed. 
Address data is output while E is at “H”, and 8-bit data is input/output when E is at “L”. 


Port PO Low-order address 


Port P1 Middle address 


Fig.2.5.11 Bus Timing when External Bus Width is 8 Bits 





(3)R/W output pin | 
A read/write signal indicating the data bus direction is output. The data bus is read when the level 
of this pin is at “H”, and data is written to data bus when it is at “L”. This signal is used for external 
memory input/output requests. 
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(4)BHE output pin 
A byte high enable signal is output. This pin is at level “L” when an odd number address is 
accessed. This signal is used to expand the 8-bit memory and I/O when the external bus is used 
at 16-bit width. 


(5)ALE signal output pin 
This signal is used to obtain only address signal from the multiplexed signals of ports P1 and P2. 
A latch is opened externally when the ALE signal is at “H” to obtain the address data and the 
latched content is held while the ALE signal is at “L”. 





(6)HOLD input pin 
This pin is used to input hold request signals. The microcomputer is held while this pin is at “L”. 
When the hold request signal becomes “L”, @ceu (CPU clock; f(Xin)/2) is stopped and the bus cycle 
— stops at “H”. The hold status is cancelled and processing continues when the HOLD pin level 
becomes “H”. Note that internal peripherals can continue to operate because only @cpu is stopped 
(internal clock @ is not stopped). However, the watchdog timer is stopped during a hold. 
Table 2.5.6 shows the port status during a hold. 





Table 2.5.6 Port Status During Hold 

Port | Status during hold 
PO~P2, P30, P31 | Floating 
P32, P33 Outputs “L” level - es 
P43~P47, P5~P8 | Holds the port status when “L” is applied to HOLD pin 

















(7)HLDA signal output pin 
This pin is used to externally output a hold acknowledge signal. The hold acknowledge signal 
indicates that “L” is input to the HOLD pin and the microcomputer is in a hold state. An “L” level is 
output from this pin while the microcomputer is in a hold state. 





(8)RDY signal input pin 
This is a ready signal input pin. The bus cycle E can be stopped (ready state) when “L” is input to 
this pin. The port and bus status when “L” is input to the RDY pin is held while ready. The RDY 
signal is used when slow memory is externally connected. 


(9)E output pin 
This is the enable signal output pin. Data !/O is performed when the output of this pin is at “L”. This 
signal controls the time division multiplexing of address information and data. 


(10)BYTE pin 
This is the byte enable signal input pin. The input level to this pin determines whether the external 
memory is used with 16-bit data width or 8-bit. When the BYTE pin input level is at “L”, the data 
width is 16 bits and ports P1 and P2 become the data |/O pins (data bus). When the BYTE pin input 
level is at “H”, the data width is 8 bits and port P2 becomes the data I/O pin (data bus). However, 
the data width is always 16 bits regardless of the BYTE pin level when accessing an internal 
memory. 


(11)CNVss pin 
This pin controls the microprocessor operating mode. Memory expansion and microprocessor modes 
are selected by resetting the microcomputer after setting this pin to the same level as the Vss pin 
and then changing the processor mode bit in the processor mode register. 
The microprocessor mode can also be selected by setting this pin to the same level as the Vcc pin 
and then resetting. This pin must be set to Vcc level for external ROM version microprocessors such 
as the M37700SFP (see “Section 2.4.2 Processor Modes”). 





41 


CHAPTER 2.FUNCTIONAL DESCRIPTION 





2.6 Interrupts 


2.6.1 Interrupt functions 

The M37700 has 19 different sources of interrupts. When an interrupt occurs, a branch is made to the 
address (branch address) corresponding to the source. Therefore, a branch address corresponding to 
each interrupt must be stored at the address (interrupt vector address) corresponding to each interrupt 
at addresses FFD616 to FFFFie (interrupt vector table) in bank 0. These branch addresses are the start 
addresses of the interrupt handling routines (interrupt service routine). 


When interrupt processing completes, the control must be returned to the original routine to resume 
processing. Therefore, the contents of the program counter (PC), program bank register (PG), and the 
processor status register (PS) just before an interrupt are automatically stored in the stack area (register 
saving). Then when interrupt processing is completed, the RTI instruction (return from interrupt service 
routine) can be used to restore the contents of the PC, PG, and PS registers to the respective registers 
and resume the original routine. 


Executing routine 


Interrupt service routine 


Interrupt processing 


Interrupt —?- 
Suspend operation 


Resume processing End interrupt processing 


RTI instruction 





Fig.2.6.1 Interrupt Processing Diagram 
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2.6.2 Sources of interrupts 
Table 2.6.1 shows the sources of interrupts and the corresponding vector address. Store the address 
of the interrupt service routine at the vector address shown in this table. 


Table 2.6.1 Interrupt Sources and Vector Address 


Interrupt source 


Reset (Note 1) 
Zero divide 
BRK instruction 











Vector address 
High-order Remarks 
address address 
OOFFFFie Non-maskable 
OOFFFDi6 Non-maskable software interrupt 


OOFFFBi6 OOFFFA16 |Non-maskable software interrupt 


















































































































DBC (Note 2) __OOFFF916 Gores Not available to general user oo 
Watchdog timer OOFFF/716 OOFFF616 | Non-maskable interrupt 

INTO OOFFF516 External interrupt due to INTo pin input signal 
INT1 External interrupt due to INT: pin input signal 
INT2 OOFFF116 OOFFFO16 | External interrupt due to INT2 pin input signal 
Timer AO OOFFEFi6 _QOFFEE:6 | Timer AO internal interrupt 

Timer A1 OOFFEDie OOFFECi6 | Timer A1 internal interrupt 

Timer AQ OOFFEBis | OOFFEA:.s | Timer A2 internal interrupt 

Timer A3 OOFFEQ16 | OOFFESt¢ Timer A3 internal interrupt 

Timer A4 OOFFE71¢ | OOFFE6ie | Timer A4 internal interrupt 

Timer BO OOFFESi6 OOFFE416 | Timer BO internal interrupt | 

Timer B1 OOFFE316 Timer B1 internal interrupt 

Timer B2 OOFFE116 | OOFFEQOs | Timer B2 internal interrupt 











UARTO receive 
UARTO transmit 
UART1 receive 
UART1 transmit 
A-D conversion 















OOFFDFie 


OOFFDDie 
OOFFDBi6 OOFFDAi.6 | Valid only when the UART1 function is selected 


OOFFDE16 





Valid only when the UARTO function is selected — 






OOFFD91e OOFFD816 
OOFFD 716 OOFFD616 | Internal interrupt that occurs when A-D conversion completes. 


Note1: Reset is included because its operation is identical to an interrupt. 
Note2: The DBC interrupt is a debug control interrupt and is not available to general users. 
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Each interrupt source is described below. 


(1)internal interrupt 


Table 2.6.2 shows the internal interrupt sources. 


Table 2.6.2 Internal Interrupt Sources 


Interrupt Interrupt source 

Zero divide Occurs when 0 is specified as the divisor for a DIV instruction. 
| (See “MELPS 7700 Software Manual”) 

BRK instruction Occurs when a BRK instruction is executed. (See “MELPS 7700 Software Manual” 
Watchdog timer Occurs when the topmost bit of the 12-bit watchdog timer becomes “0”. 
| (See section “2.12 Watchdog Timer”) 
Timer Ai Occurs when timer Ai (i=0 to 4) overflows. (See section’2.7 Timer A”) 
Timer Bi Occurs when timer Bi (i=0 to 2) overflows. (See section’2.8 Timer B”) 
UARTIi receive Occurs during UARTi (i=0,1) receive (See section “2.9 Serial I/O” 
UARTIi transmit Occurs during UARTi (i=0,1) transmit (See section “2.9 Serial 1/0”) 
A-D conversion Occurs when A-D conversion completes (See section “2.11 A-D Converter’) 


(2)External interrupt (INTo~INT2) 


These are interrupts that are caused by input level or input edge to pins INTo to INT2. The interrupt 
sources can be selected using bits 4 and 5 of the INTi interrupt control register shown in Figure 
2.6.2. Pins INTo~INT2 are shared with ports P62~P64. Therefore, the corresponding bit in the port P6 
data direction register must be cleared to “O” in order to use these pins as external interrupt input 
pins. If the INTi interrupts are not used, the INTi interrupt priority should be set to “0” because the 
INTi interrupts always monitor the status of P62~P64 pins to raise interrupt requests. 

The input signal to the INTi pins must have pulse width greater than 250ns at “H” or “L” regardless 
of the source oscillating frequency (f(Xin)). 











Table 2.6.3 INTi Interrupt Sources 
b5 Interrupt Source 
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0 | 0 | Falling edge of the signal input to the INTi pin 








Rising edge of the signal input to the INTi pin 
| 0 |When the INTi pin status becomes “H” 
When the INTi pin status becomes “L” 











2.6 Interrupts 





2.6.3 Interrupt control 

The enabling and disabling of interrupts are controlled by the interrupt request bit, interrupt priority level, 
processor interrupt priority (IPL), and interrupt disable flag (1) (excluding some software interrupts). The 
interrupt disable flag and the processor interrupt priority level are assigned to the processor status 
register (PS). The interrupt request bit and the interrupt priority level are assigned to the interrupt control 
register of the respective interrupt. Figure 2.6.3 shows the structure of the interrupt control register. 
However, there is no interrupt control register for non-maskable interrupts such as zero divide interrupt, 
BRK instruction interrupt, and watchdog timer interrupt. 


@ Non-maskable interrupt: An interrupt that causes branch to the interrupt service routine regardless 
of the interrupt control flags. 
@ Maskable interrupt: An interrupt that can be disabled with the interrupt control flags. 


The interrupt control flags are described below. 


(1)Interrupt disable flag (I flag) 
The interrupt disable flag (I flag) is assigned to bit 2 of the processor status register. This flag can 
be used to disable all maskable interrupts. All maskable interrupts are masked when the | flag is 
set and enabled when it is cleared. This flag is set during reset and must be cleared if interrupts 
are to be enabled. 


(2)Interrupt request bit 
When an interrupt occurs, the interrupt request bit which is assigned to bit 3 of the corresponding 
interrupt control register is set. The interrupt request bit remains set until the interrupt is accepted 
and is cleared when the interrupt is accepted. This flag is used to indicate that an interrupt has 
occurred. This bit can be set and cleared from a program. 


Address 


Fig.2.6.2 Interrupt Control Register Memory Map 
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@A-D conversion, UARTO, 1 transmit, UARTO, 1 receive, timers AO to A4, timers BO to B2 interrupt 
control registers. | | 


b2 bi b0 


b3 
rat | (Address 70:6~7Cis) 


Interrupt priority level 


b7 b6 bd b4 





Interrupt request bit 


No interrupt request 
1 


Interrupt request 


@INTO~INT2 interrupt control register 


b7 b6 


b4 b3 b2 obi b0 


b5 
Pt of fp fp (Address 7D16~7F 16) 


Interrupt priority level 





Interrupt request bit 


No interrupt request 


1 Interrupt request 


Level/edge selection bit 


Set request bit at “H” level for level sence 
and the falling edge for edge sence 


Set request bit at “L” level for level sence 
and the rising edge for edge sence 


p> |e] 


Level sence/edge sence selection bit 


Edge sence — 


Level sence | 


) +] 2) 


Fig.2.6.3 Interrupt Control Register Structure 
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_(3)Interrupt priority level and processor interrupt priority level (IPL) 
An interrupt priority level between 0 and 7 can be assigned to each interrupt using the interrupt 
priority level selection bits which are assigned to bits 0 to 2 of each interrupt control register. When 
an interrupt is raised, this priority level is compared with the processor IPL in the processor status 
register. 
An interrupt is enabled when its interrupt priority level is greater than the IPL. Therefore, an interrupt 
can be disabled by setting its priority level to 0. 
The interrupt disable flag, interrupt request bit, interrupt priority level, and IPL are independent of 
each other and do not affect other flags. An interrupt occurs only when the condition of these flags 
Satisfy the interrupt occurrence condition. The combination of these flags can control the variety 
interrupt priority operation by programming. 


Table 2.6.4 Interrupt Priority Level 


interrupt control register 


| bi | =o CT 
Oo. -|~— iO s[ Level 
ae ee eee Level 








Interrupt disabled 








Table 2.6.5 Interrupt Enable Level and Enabled Interrupts 


IPL2 


Enabled interrupt priority level 


Enable level 1 and above interrupts 


| © [| 1. [Enable level 2 and above interrupts 





| 1 | (0 | Enable level 3 and above interrupts 
| 4 | 4 | Enable level 4 and above interrupts 


| Oo | 0 |Enable level 5 and above interrupts 
| 0 | 1. | Enable level 6 and above interrupts 
| 4 | 0 | Enable level 7 interrupts 

Disable all maskable interrupts 


IPLo: Processor status register bit 8 
IPL1: Processor status register bit 9 
IPL2: Processor status register bit 10 


Interrupt Priority Level Priority 


Low 


High 
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2.6.4 Interrupt order | ? 

All interrupts are assigned a priority order. When all interrupts are enabled and more than one interrupt 
occurs during the same sampling interval (interval in which interrupt requests are checked), the one with 
the highest priority is accepted. 

The priority order of all of the 19 sources except software interrupts (zero divide and BRK instruction 
interrupt) and watchdog timer interrupt can be set from a program using the interrupt priority level bits 
in the interrupt control register. Reset (the highest priority) and melee timer priorities are set by the 
hardware. Figure 2.6.4 shows the hardware interrupt priorities. 

The M37700 is equipped with an interrupt priority order detection circuit to select the highest priority 
when more than one interrupt occurs within the same sampling interval. 


Note : When a BRK instruction is executed or a zero divide is performed in an interrupt service routine, 
a BRK interrupt or a zero divide interrupt occurs and that interrupt is serviced. However, if 
multiple interrupts are enabled by setting the | flag to “0”, interrupts with priority higher than IPL 
are accepted because the IPL is not changed. Furthermore, the watchdog timer interrupt is always 
enabled. 


|| <QUU<L_J] <[e 


A-D convert, UART interrupt, and so on Priority determined by hardware 


Interrupt priorities inside the dotted line are user settable 





Fig.2.6.4 Hardware Interrupt Priorities 
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2.6.5 Interrupt priority detection circuit 


Figure 2.6.5 shows the interrupt priority detection circuit. 


Interrupt priority level 
Timer A4 
Timer A3 
Timer A2 


Timer At 
Timer AO 
‘INT2 
NTT 
“INTO 


Level zero 
(initial value) 


' 
\V/ 
\V/ 
\V/ 
\/ 


Interrupt priority level 
BRS Eh diivig! dl ahndne dedi ar 
UARTO receive 
Timer B2 
Timer B1 
Timer BO 


r 
' 
t 
i] 
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i 


IPL 


The highest priority interrupt 


Processor interrupt priority 


The occurrence of interrupt 


Interrupt 
disable flag 


Watchdog timer 


Reset 


Fig.2.6.6 Interrupt Priority Detection Circuit 
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Interrupt source 


Comparator A:The highest priority level at this point 


(Priority B:Priority level of interrupt source 
detection) C:The highest priority level at this point 





C 
@ If A>B then C=A 


@ If A<B then C=B 





Fig.2.6.6 Interrupt Priority Detection Model 


The interrupt priority level of the requested interrupt (B in Figure 2.6.6) is compared ,in the order shown 
in Figure 2.6.5, with the highest priority interrupt at this point (A in Figure 2.6.6) and the higher level 
interrupt is sent out as C to be compared with the next interrupt (A is initially 0). Unrequested interrupts 
are not compared and A is passed to C. If the priority levels of A and B are the same, A is selected. 
Therefore, the following relation exists if the software set priority levels are the same. 


INTO < INT1 < INT2 < Timer AO < Timer A1 < Timer A2 < Timer A3 < Timer A4 < Timer BO < Timer B1 
< Timer B2 < UARTO receive < UARTO transmit < UART1 receive < UART1 transmit < A-D conversion 


As the result of this comparison, the interrupt with the highest priority is selected when there are multiple 
interrupts within the same sampling interval. Then that interrupt is enabled and its interrupt service 
routine is executed if its interrupt priority level is higher than the processor interrupt level (IPL) and the 
interrupt disable flag is “O”. 

The detection of interrupt priority level is synchronized with the sampling pulse generated during the 
operation code fetch cycle. While the interrupt level is being checked, the interrupt request bit and the 
interrupt priority level are latched so that they do not changed. They are sampled at the first half of the 
operation code fetch cycle and latched from the last half to the end of the level detection. Note that 
while the priority is being checked, no sampling pulse is generated even when it is the operation code 
fetch cycle (See Figure 2.6.8). 
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2.6.6 Interrupt priority detection time 

With the M37700, the time it takes for the interrupt priority detection circuit to determine the level of an 
interrupt can be set by software. This is performed by setting the interrupt priority detection time 
selection bits in the processor mode register (PMR). Table 2.6.7 shows detection time corresponding 
to each combination of PMR bits 4 and 5. Figure 2.6.8 shows the relationship between the interrupt 
priority detection time and the sampling pulse. 

After a reset, the interrupt priority level detection time selection bits are initialized to “00” and seven 
cycle mode is selected. 


b4 b3 b2 b1_ b0 


b7 b6é~ bd 
Oe ee 


Interrupt priority detection time selection bits 
Detection time 


Po: |0. 7 cycles at internal clock @ ((a) in Fig.2.6.8) 
HOt, 4 cycles at internal clock @ ((b) in Fig.2.6.8) 
ERca 2 cycles at internal clock @ ((c) in Fig.2.6.8) 
Not selection 


Note : 1 cycle = @ = f(Xin)/2 





Fig.2.6.7 Interrupt Priority Level Detection Time 


Internal clock o@ | | | | | | | | | | | | | | | | | | 
Operation code fetch cycle | | | | 


| Sampling pulse 


(a) 7 cycles | | 
level (b) 4 cycles | | 
detection 


Priority 


time 


(c) 2 cycles | | | | 


Note: Pulse exists if 2 cycles is selected for priority level detection time. 





Fig.2.6.8 Interrupt Priority Level Detection Time 
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2.6.7 Interrupt processing sequence 3 

When an interrupt is accepted, interrupt processing starts from the next cycle of an instruction under 
execution at this point. | 

After execution of an instruction, under execution at accepting an interrupt, completes, an INTACK 
(Interrupt Acknowledge) sequence is executed and branch to the beginning of the interrupt service 
routine. The INTACK sequence operates as follows. 

When an INTACK sequence starts, the contents of the program counter (PC) and the program bank 
register (PG) (indicates the address of the instruction code to be executed next) are saved in stack in 
the order of PG, PCxu (PC high-order byte), and PC. (PC low-order byte). Then the contents of the 
processor status register (PS) are saved in stack in the order of PSH (PS high-order byte) and PSx (PS 
low-order byte), and the interrupt disable flag is set to “1”. At the same time, the request bit of the 
accepted interrupt is cleared and the IPL in the processor status register is replaced by the interrupt 
priority level of the accepted interrupt. Then the vector address of the interrupt is stored in the program 
counter and PG becomes 00i«. 


Note: IPL is set to the values shown in Table 2.6.6 when a reset, watchdog timer, or software interrupt 
occurs. This is useful when processing multiple interrupts. (See “2.6.8 Interrupt Service Routine”.) 


Table 2.6.6 Change in IPL when an Interrupt Occurs 

















Interrupt source Change in processor interrupt leve 
Reset 0 (0002) | 7 
Watchdog timer 7 (1112) 

Zero divide No change 
BRK instruction No change 
Other interrupt Priority level of the accepted interrupt 


CPU clock 


OcPu 


‘ 
’ : 
1 
‘ 


tne cPuinemal re XX » XK» Ke Ka Xe Xe XoX.= KX # ) 
adaress Ap 


i) 
‘ 


Low-order 16 bits of : 
thecpUiniemal Fe Xo Xs Kor XeaKsa Kea Yes Kes X wae Yanan) 


address AvAc 
CPU internal data 
Vector Not Not Not Operation 
open Notused J ats X_PS Xuma XPO%PCX ved }_*S_X tow A Notvsed AowAd “code 


Interrupt disable 
flag 





Fig.2.6.9 INTACK Sequence 


The INTACK sequence is described below. 
@ Save the contents of PG and PC in stack before passing control to the interrupt service routine. 
@ Save the contents of the PS in stack just before passing control to the interrupt service routine 
@ Set the interrupt disable flag to “1” to prohibit multiple interrupts. 
@ Clear the request flag of the accepted interrupt. 
® Set the IPL to the priority level of the accepted interrupt. 
(Useful when multiple interrupts are enabled.) | 
® Change the contents of the PG and PC to branch to the interrupt service routine. 
(Store 0016 in PG and the contents at the vector address for the interrupt in PC.) 
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2.6.8 Interrupt service routine 

When control is passed to the interrupt service routine, the interrupt disable flag is set to “1” ( interrupt 
is disabled). In addition, the interrupt request bit of the accepted interrupt is cleared. However, the 
request bit is retained if the interrupt was rejected by the interrupt priority level detection circuit. 
Furthermore, the IPL in the processor status register changes to the interrupt level of the accepted 
interrupt. This simplifies enabling of interrupts with higher interrupt level in the interrupt service routine 
(multiple interrupts). If multiple interrupts are allowed, the interrupt disable flag is cleared in the interrupt 
service routine. This enables accepting of higher priority interrupts as long as the IPL is not changed. 
Only the contents of the PC, PG, and PS are saved when control is passed to the interrupt service 
routine. Therefore, other necessary registers must be saved at the beginning of the interrupt service 
routine. The M37700 provides the PSH instruction to save all registers except the stack pointer with 
one instruction. 


2.6.9 Returning from an interrupt service routine 

A RTI instruction is used at the end of the interrupt service routine to return to the interrupted routine 
and continue processing. The RTI instruction restores the contents of the PG, PC, and PS saved 
before entering the interrupt service routine to their original registers. The other registers saved within 
the interrupt service routine must be restored with the PUL instruction before executing the RTI 
instruction. The request bit of other interrupts are retained after branching to the interrupt service 
routine. Therefore, if these interrupts are to be disabled after returning, these request bits must be 
cleared before executing the RTI instruction. 
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2.6.10 Interrupt response time 
~The time it takes an interrupt to be serviced after it has occurred is determined as follows: 


Interrupt priority 
detection time 


Interrupt 
request} 
: INTACK Instructions 
within 
interrupt © 


Instruction 
B 


Instruction 


A sequence 


@ | @ @ 





Fig.2.6.10 Interrupt Sequence 


@® Interval between interrupt occurrence and the end of instruction A that was interrupted. 

@ Interval between the start of the instruction B (interrupt priority detection start) and the end of 
instruction being executed when interrupt level detection has ended. 

@ Time required for INTACK sequence such as saving registers and jumping to vector table address 
(13 cycles minimum). 


Also note the following: 

Interrupt priority detection is performed at the start of each instruction and during INTACK sequence. 
However, if the current instruction completes and the next instruction starts before detection completes, 
current detection is continued without starting detection for the next instruction. 

The interrupt priority detection interval is selected with the processor mode ey bits 4 and 5. The 
available intervals are two, four, or seven @ cycles. 

Interrupts are not allowed while executing an instruction. Therefore, when using instructions that require 
some time to execute (such as MVP, MVN, and RLA instructions) at places where interrupts may occur, 
care must be taken the handling time. 


Table 2.6.7 shows the interrupt response time for a certain instruction. 
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Table 2.6.7 Interrupt Response Time Example 


Minimum Maximum instruction 
instruction (C) 


Time required for interrupt detection, 
priority detection, and single instruction 


execution. 


Time required to save the 


program bank register, 
status register 


General register 


save time 


Total (cycles) 


ae EN Ayn Re ee Ec ee Co 


program counter, 
and processor 


2 







917522 28 








13 






























Time (us) 




















114695.375 


























114696.000 


(A) MVP instruction (when 64K-byte data is transferred) 
(B) DIV instruction (direct indirect long indexed Y) 
(C) AND instruction (direct indirect long indexed Y) 
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2./ Timer A 


2.7.1 Timer A description 

Timer A consists of five external output function timers TAO~TA4. These timers have identical funicletie 
(excluding two-phase pulse signal processing function) and are independent. There are four operating 
modes depending on the setting of the timer Ai (i=0~4) mode selection bit in the timer Ai mode register 
which is described later. 3 


@Timer mode [00]* 
This mode counts the selected internal clock and generates interrupt at an arbitrary frequency. Gate 
function (enable/disable count operation with the input level to the TAiin pin) and polarity output 
function (output signal that changes phase each time the timer underflows from the TAiout pin) are 
available and can be selected by program. | | 


@Event count mode [01]* 
This mode counts the external clock input from the TAin pin. Whether to use it aS an incremental 
counter or as a decremental counter can be selected internally or externally. An interrupt is generated 
at an arbitrary frequency. In addition, the pulse output function (output a signal that changes phase 
each time the counter underflows or overflows from the TAiout pin) can be selected by program. The 
two-phase pulse signal processing function can be selected for TA2, TA3, and TA4. 


@One-shot pulse mode [10]* ! 
In this mode, the timer is driven by an internal or external trigger and “H” level is output from the 
TAiout pin for an arbitrary interval. 

@PWM (pulse width modulation) mode [11]* 


In this mode, an arbitrary pulse width signal is output repeatedly from TAiour. PWM output is started 
by an internal or external trigger. 


“The numbers in brackets are the contents of the timer Ai mode selection bit described later. 
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2.7.2 Block diagram 
Figure 2.7.1 shows the block diagram of timer Ai. It is followed by the description of timer Ai related 
registers. 


Count source 
selection bit 
—_—_—_————_O 


2] (High-order 8 bits) 


els 


iver inode Reload register (16) 


*One-shot pulse mode ee aE 
«PWM mode il e [ : 
° ico Counter (16) _} Interrupt request bit 


Polarity -Event counter mode Up/down selection 





ary (always decrement except 
switching Count start flag_| for event counter mode) 


External trigger 


Down count 
Up-down flag 5: Se 


Pulse output 
TAi out © C | 





Fig.2.7.1 Timer Ai Block Diagram 


(1)Counter and reload register 

The counter and reload register consist of 16 bits. The counter counts the clock (count source) 
selected with the TAi mode register and its content is incremented (+1) or decremented (—1) each 
time a clock is input. The reload register is used to store the initial value of the counter. 

Values are set in the counter with the timer Ai register (except PWM mode). The value written in 
the timer Ai register is also written in the counter and the reload register. Thereafter, the content 
of the counter changes each time a count clock (count source) is input, but not the content of the 
reload register. 
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(2)Count start flag ! , : 

This register consists of flags used to start and stop each counter. The operation of each counter 
is controlled by the corresponding flag in this register. A count clock is input to the timer when this 
flag is set to “1” and disabled when it is set to “0”. Each flag is automatically cleared and count is 
disabled when a value is set in the timer (a value is written in timer Ai register). (Except PWM 
mode.) | 


b6 b5 b4 b3_ b2_ bt 


b7 b0 
botlahucdenbobelantat rn 


Timer AO count start flag 


Timer A1 count start flag 
Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 


Timer B2 count start flag 





Fig.2.7.2 Count Start Flag Bit Structure 


(3)One-shot start flag 
This register consists of one-shot start flags that are used during one-shot pulse mode. A one-shot 
start internal trigger is generated by setting the bit corresponding to each timer to “1”. This register 
consists of write only bits and the LDM or STA instructions must be used to write to it. (Do not use 
instructions such as CLB and SEB which perform read modify write.) 


b5 b2 bi b0 


4 b3 | 
rt] fof. One-shot start flag (Address 4216) 


Timer AO one-shot start flag 
Timer Ai one-shot start flag 


Timer A2 one-shot start flag 


Timer A3 one-shot start flag 
Timer A4 one-shot start flag 
This bit must be set to "0". 


Note : Bits 5 and 6 are undefined. 
Fig.2.7.3 One-shot Start Flag Bit Structure 








2./ Timer A 





(4)Up-down flag 
This register consists of up-down flags used during event count mode and two-phase pulse signal 
selection bits. Bits 7 to 5 are write only bits, but read modify write type instructions such as CLB 
and SEB can be used for this register. 


b7 b6 b5 b4 b3 b2 obi b0 


PT LLL LLL] vnsonm ns cress 


Timer AO up-down flag 

Timer A1 up-down flag 

Timer A2 up-down flag 

Timer A3 up-down flag 

Timer A4 up-down flag 
Timer A2 two-phase pulse signal processing selection bit 
Timer A3 two-phase pulse signal processing selection bit 


Timer A4 two-phase pulse signal processing selection bit 





Fig 2.7.4 Up-down Flag Bit Structure 


@Timer Ai up-down flags 
These flags are valid during event count mode when the count up-down flag is selected as the 
increment/decrement trigger. A counter is decremented when this flag is “O” and incremented 
when it is “1”. 

@Two-phase signal processing selection bit 
In event count mode, the counter can be controlled using two waveforms with their phases shifted 
by 90° (two-phase pulse signal processing function). This bit must be set to “O” when the two- 
phase pulse signal processing function is not used and in other modes. 


(5)Timer Al register 
The data written in this register is stored in the counter and the reload register. Reading this register 
returns the content of the counter at that point. 
The timer Ai register is divided in to high-order byte and low-order byte. Writing data and reading 
of halted timer can be performed in byte or word unit. However, the high-order and low-order bytes 
must be read simultaneously when the counter is operating. 


Table 2.7.1 Timer Ai Register Address 


Timer Ai register Low-order byte 
Timer AO register Address 4616 
Timer A1 register Address 4816 
Timer A2 register Address 4Ai6 
Timer A3 register Address 4Ci6 
Timer A4 register Address 4E16 
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(6)Timer Ai mode register | | 
The timer Ai mode registers control the timer operating modes and counter source and function 
selection. Bits 1 and 0 control the timer operating modes. Note that the meaning of each bit differs 
according to the timer operating mode. Refer to the description of the respective operating mode 
for the bit configuration in each operating mode. 


Pe te ee Timer Ai mode register (Address 5616~5Ais) 


= Timer Ai mode selection bits 
| bt }b0 Operation modes 
fof | Timermode 


Porat Event counter mode 


Ge i 
lS Oe oa 


PWM (pulse width modulation) mode 


The meaning of these bits depend on the timer 
operating mode. 


Count source selection bits Counter input clock 


6] ==———sTimercountsources f(Xin)=8MHz | f(xXin)=16MHz 
[ck aang teaeney aves by ete) [are [eM 
[ak eating Yocy died by 64 (um) | _12bKHe | BBOH 


anak, 


Bl es ca SS 





Fig.2.7.5 Timer Ai Mode Register Bit Structure 


@Timer Ai mode selection bits 
These bits are used to control the timer operating modes. 


@Counter source selection bits 
These bits are used to select the counter source (except in event counter mode). 
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(7)Timer Ai interrupt control register 
The timer Ai interrupt control register consists of interrupt priority level selection bits and interrupt 
request bits. 


b3 


Seek Timer Ai interrupt control register(Address 7516~7916) 
ae 


Interrupt request bit 
No interrupt request 
1 Interrupt request 


Note : Bits 4 to 7 are undefined. 





Fig.2.7.6 Timer Ai Interrupt Control Register Bit Structure 


@lnterrupt priority level selection bit 
This bit is used to select the interrupt priority level. It should be set to a level between 1 and 7 
when using a timer Ai interrupt. An interrupt is allowed only when this level is greater than the 
processor interrupt priority level (IPL) in the processor status register (PS). (When interrupt disable 
flag | is “O”.) Set these bits to “0002” to disable timer Ai interrupt. 


Table 2.%.2 Interrupt Priority Level 


_ eae ale ee bo register Interrupt priority level Priority 


















































0 —et__60 0 0 (Interrupt disabled) = 
0 | Oo | 1 1 Low 
0 1 0 2 

0 1 1 3 

1 0 0 4 

1 0 1 5 

1 1 0 6 

1 1 1 z gn 





@interrupt request bit 
This bit is set to “1” when a timer Ai interrupt request occurs. This bit can be set or cleared by 
program. 
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2.7.3 Timer mode [00] 

A timer mode is selected by setting the timer Ai mode register bits 1 and 0 to “0”. When this mode is 
selected, bit 5 of the timer Ai mode register must be set to “0”. 

Figure 2.7.7 shows the bit configuration of the timer Ai mode register in timer mode. 


(1)Functions 


In timer mode, the selected internal clock is decremented and an interrupt occurs when the counter 
underflows. 


Timer dividing ratio... eeeteeeteeeeeeee 1/(n+1) 
n:Value set in timer Ai register 
(a value between 000016 and FFFFie) 


The following functions can be selected with the timer Ai mode register. 


‘@Gate function 


Controls count with input signal to timer Ai input pin Ain. 


@Pulse output function 
Outputs signal that changes polarity every time the content of the counter becomes “000016” from 
the timer Ai output pin TAjiour. 


(2)Basic function 


First the mode, count source, gate function, and pulse output function are selected with the timer 
Ai mode register bits. Then when a value n (between 000016 and FFFFie) is written in the timer Ai 
register, the count start flag is cleared (count disabled) and n is stored in the counter and the reload 
register. 

When the count start flag is set to “1” (count enabled), the internal clock selected with the source 
selection bit is input to the counter. The content of the counter is decremented by 1 each time a 
clock is input. At the next clock input after the content of the counter reaches O16, the content of 
the reload register is loaded in the counter and the interrupt request bit is set to “1”. Counting 
continues in this manner and the interrupt request bit is set to “1” each time the content of the 
counter changes from O16 to n. Therefore, a timer Ai interrupt request occurs at every n+1 count of 
the clock input. The interrupt request bit remains set until the interrupt is accepted or it is cleared 
by program. 

The content of the counter can be read at any time by reading the content of the timer Ai register, 
but the content of the reload register cannot be read. 


Note : Interrupts must be enabled in order to use timer Ai interrupt. See “Section 2.6 Interrupts” for 
more information. 
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| 1|0;0 Timer Ai mode register <Timer mode> 


Timer Ai mode selection bits 


[Titer Aimods saocionbis 
PRO] Cperationmode 
fof [tmermode 


Pulse output enable bit 


epee 


g. 
N 

‘oy 
i: 


Gate function selection bits 


| _ Gate function selection bits 
Ne, Gate function disabled 
U 


0) Timer operates while TAtn input is “L” 


Timer operates while TAiin input is “H” 


This bit must be “O” 


Count source selection bits 
pe] Timercountsources 
0 | Clock oscillating frequency (f(Xin)) divided by 2 


1 {Clock oscillating frequency (f(xix)) divided by 16 
0 | Clock oscillating frequency (f(Xin)) divided by 64 


Clock oscillating frequency (f(xin)) divided by 512 


eee 


Fig.2.7.7 Timer Ai Mode Register Bit Structure in Timer Mode 
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Stop count Resume count 
FFF Fic Reload register contents 


Counter contents 
n 


000016 


Count start flag 


Interrupt 


Clear start flag 
request bit 


Cleared due to an interrupt or by software 





Fig.2.7.8 Timer Mode Operation 


(3)Selection function 
In timer mode, a gate function and a pulse output function can be selected by program. These 
functions can be used together. 


@Gate function 

When the gate function is enabled (timer Ai mode register bit 4 set to “1”), the starting and 
stopping of the timer count can be controlled by the level of the signal input to the TAimn pin. The 
effective level is selected with the timer Ai mode register bit 3. 

When the gate function is enabled, counting is performed only when the count start flag is “1” and 
the input to pin TAjiin is at the effective level. Counting stops if the input level is ineffectively. 
However, the content of the counter is preserved and counting can resume when the input level 
returns to an effective level. 


Precautions when using the gate function 

1.The TAin pin is in common with normal port pins. Therefore, the data direction register of the 
corresponding port must be set to input when using the gate function. 

2.The pulse width of the TAiin pin input signal during count interval and count halt interval must 
be at least 2 cycles of the timer count source. 
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@Pulse output function 
When the pulse output function is enabled (timer Ai mode register bit 2 is set to “1”), a signal 
that changes polarity every time the content of the counter becomes “OQ000i6” is output from 
the TAiout pin. 
An “L” level is output from the TAiout pin when the count start flag is “O” (count disabled). 


SEER Reload register contents 


Counter contents 
n 


000016 


Count Start flag 


TAiout Output 





Fig.2.7.9 Output Example when Pulse Output Function is Selected 


Precautions when using the pulse output function 

1.When the content of the timer Ai register is changed while counting, the count start flag becomes 
“0” (count disabled) and the TAjiout pin level becomes “L”. 

2.The TAiout pin is in common with normal port pins. When the pulse output function is enabled, 
the corresponding port is forced to output mode and functions as a timer output pin losing its 
programmable I/O port function. It can be used as a programmable I/O port once the pulse 
output function is disabled. 
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2.7.4 Event counter mode [01] 

The event counter mode is selected by setting the timer Ai mode register bit 1 to “O” and bit 0 to “1”. 
When this mode is selected, the timer Ai mode register bit 5 must be set to “0”. ; : 

Figure 2.7.10 shows the bit configuration of the timer Ai mode register and the up-down flag during 
event counter mode. 


(1)Functions 


In event counter mode, the external clock input from the TAin pin is counted and an interrupt ¢ occurs 
each time the counter overflows or underflows. 

In event counter mode, the counter can be incremented or decremented. This selection is made with 
the contents of the up-down flag or the input signal to the TAjiout pin. 


Timer dividing ratio Incremental counter................ 1/(n+1) 
Decremental counter .............. 1/(FFFFise—n+1) 
n: Value set in timer Ai register 
(a value between 000016 and FFFFte) 


In addition, in this mode, the pulse output function and two-phase pulse signal processing function 
can be selected from a program (two-phase pulse signal processing function is available only with 
timers A2, A3, and A4) 


@Pulse output function 
A pulse that changes phase every time the content of the counter becomes “000016” (decremental 
count) or “FFFFie” (incremental count) is output from timer Ai output pin TAiour. 


@Two-phase pulse signal processing function 
Whether to increment or decrement the counter can be selected using two signals with different 
phases. This function is selected with bits 5 to 7 of the up-down flag (address 4416). 


(2)Basic function 


First the mode, up-down selection bit, effective edge of the count source, and whether to enable 
or disable pulse output function is selected with the timer Ai mode register. Then when, a value n 
(n=000016 to FFFFie) is written in the timer Ai register, the count start flag is cleared to “0” (count 
disabled) and the value n is stored in the counter and the reload register. 

Then, when the count start flag is set to “1” (count enabled), the external clock input to the TAimn 
pin is input to the counter. The counter counts at the falling (when the count polarity selection bit 
is “O”) or rising (when the count polarity selection bit is “1") edge of the input clock. 

Whether to increment or decrement the counter can be selected with the up-down flag or the level 
of the input signal to the TAiout pin. The content of the up-down flag is used if the up-down 
switching factor selection bit (bit 4) in the timer Ai mode register is “O” and the TAiout pin input 
signal level is used if it is “1”. 


@When using the content of the up-down flag 
The counter is decremented when the bit corresponding to the timer Ai (bit i) in the up- -down flag 
(address 4416) is set to “O” and incremented when it is set to “1”. 


@When using the TAiour input signal : 
The counter is decremented when the TAjiout pin input level is at “L” and incremented when it is 
at “H”. 


Precautions when externally controlling increment/decrement 

1.The TAiout pin is in common with normal port pins. Therefore, the data direction register of the 
corresponding port pin must be set to input when the input level of the TAjiout pin is used to 
control increment/decrement. 

2.The pulse output function, which is described later, cannot be used when the input level to the 
TAiout pin is used to control increment/decrement. 
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b7 b6 b5 b4 b3 b2~ Ob1~ bO0 


X|X}O); | | {O}4 imer Ai mode register <Event counter mode> 


; Timer Ai mode selection bits 
Operation mode 
Event counter mode 
Pulse output enable bit 
Disable 
Count polarity selection bit 
Count at the falling edge of the input signal 
Count at the rising edge of the input signal 
Up-down switching factor selection bit 
Contents of the up-down flag 
Input signal of the TAlout pin 
This bit must be “0” 
These bits are ignored (may be “O” or “1”) 


b7 b6 b5 b4 b3 b2 Ob1 ~~ bO 
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Ea 
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Timer AO up-down flag 
Timer A1 up-down flag 
Timer A2 up-down flag 
Timer A3 up-down flag 
Timer A4 up-down flag 


Down count 


Papo 


Up count 


Timer A2 two-phase pulse signal processing selection bit 


Timer A3 two-phase pulse signal processing selection bit | 


Timer A4 two-phase pulse signal processing selection bit 


re Two-phase pulse signal processing disable 
Two-phase pulse signal processing enable 


Fig 2.7.10 Event Counter Mode Related Registers Bit Structure 


67 


CHAPTER 2.FUNCTIONAL DESCRIPTION 





The count direction can be changed while counting. However, in this case, the increment interval 
and the decrement interval must be at least two cycles of the timer count source. 

The content of the reload register (n) is loaded in the counter and an interrupt request bit is set to 
“1” at the next clock input when the content of the counter reaches “000016” (when decrementing) 
or “FFFFie” (when incrementing). Counting continues and the interrupt request bit is repeatedly set 
at a certain interval. The interrupt request bit remains set until it is accepted or is cleared from a 
program. 

The content of the counter can be read by reading the content of the timer Ai register, but the 
content of the reload register cannot be read. 


Reload register contents 
FFFFie 


Counter contents 
n 


000016 


Count start flag 


Interrupt 
request bit 


Cleared due to an interrupt or by software 


Up-down flag 





Fig.2.7.11 Event Count Mode Operation Diagram (when up-down switching factor selection bit is “0”) 


(3)Selection function 
In event counter mode, a pulse output function and a two-phase pulse signal processing function 
can be selected by program. However, only timers A2, A3, and A4 can use the two-phase pulse 
signal processing function. 


@Pulse output function 
When the pulse output function is enabled (timer Ai mode register bit 2 is set to “1”), a signal that 
changes polarity every time the content of the counter becomes “000016” (decremental count) or 
“FFFFi6” (incremental count) is output from the TAjiout pin. 
An “L” level is output from the TAiout pin when the count start flag is “O” (count disabled). 


Precautions when using the pulse output function 

1.The counter up-down selection cannot be made externally because the pulse output function 
uses the TAiout pin. 

2.When the content of the timer Ai register is written a value (if the same value) while counting, 
the count start flag becomes “0” (count disabled) and the TAiout pin level becomes “L”. 

3.The TAiout pin is in common with normal port pins. When the pulse output function is enabled, 
the corresponding port is forced to output mode and functions as a timer output pin losing its 
programmable I/O port function. It can be used as a programmable I/O port once the pulse 
output function is disabled. 
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@Two-phase pulse signal processing function 
Timers A2 to A4, for which the event counter mode is selected, can use the two-phase pulse 
signal processing function which controls the counter increment/decrement with two input pulses 
shifted by 90°. 
When using the two-phase pulse signal processing function, the high-order three bits of the up- 
down flag which is used timer (timer A2, A3, or A4) must be set to “1”. And the timer Aj mode 
——— (j=2, 3, 4) must be set as follows: 


b5 b4 b2 bi 


X[x]O]1[0[O]O]1) te Ai mose reir de. 3 9 


(“X” may be “O” or “1”) 


Fig.2.7.12 Setting value at Using Two-phase Pulse Signal Processing Function 





After setting the timer Aj mode register, when a value n (n=000016 to FFFF ie) is written in the timer 
Aj register, the count start flag is cleared to “O” and the value n is loaded in the counter and reload 
register. When using the two-phase pulse signal processing function, the reference pulse must be 
input to the TAjout pin and a pulse shifted by 90° from the reference pulse must be input to the 
TAjin pin. 

The counter is enabled when the count start flag is set to “1”. After the input signal to the TAjout 
pin changes from “L” to “H”, the counter is incremented when a rising edge is input to the TAjin 
pin and is decremented when a falling edge is input. 





Fig.2.7.13 Two-Phase Pulse Signal Processing Function 


Precautions when selecting two-phase signal processing function 

1.When using the two-phase pulse signal processing function, the pulse output function cannot be 
used because the TAjout pin is used as the reference pulse input pin. 

2.The phase difference between the reference pulse and the pulse input to the TAjin pin must be 
between 80° and 100°. 

3.If the input pulse changes direction as shown below, the following error occurs in the count 
value. 


Normal Reverse 


TAjput | | | | | | 


+ 
hk 





Fig.2.7.14 Input Pulse Timing 
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2.7.5 One-shot pulse mode [10] 

The one-shot pulse mode is selected by setting the timer Ai mode register bit 1 to “1” and bit 0 to “0”. 
When this mode is selected, the timer Ai mode register bit 5 must be set to “O” and bit 2 must be set 
to a aaa 

Figure 2.7.15 shows the bit configurations of the timer Ai mode register and sieeshetsian flag during 
one-shot pulse mode. 


(1)Functions 


In one-shot pulse mode, the level of the timer Ai output pin (TAiout) is held at “H” for an arbitrary 
interval after a trigger. 

The trigger can be either internal or external. The source of trigger is selected using bit 4 of the 
timer Ai mode register. A software trigger (internal trigger) is selected when this bit is “O” and a TAiin 
pin input signal (external signal) is selected when this bit is “1”. 


@Software trigger 
Internal trigger is generated by setting the bit corresponding to each timer in the one-shot start 
flag (address 4216) to “1”. Use LDM or STA instruction to write to the one-shot start flag (do not 
use read-modify-write type instructions such as SEB). | 


@External trigger (TAiin pin input pulse) 
An input signal from the TAiin pin is used as the trigger. Whether to trigger at the rising edge or 
falling edge of the input signal is selected with bit 3 of the timer Ai mode register. A trigger occurs 
at the falling edge when this bit is “O” and at the rising edge when it is “1”. 


Precautions when using an external trigger 
The TAin pin is in common with normal port pins. Therefore, the data direction register of the 
corresponding port must be set to input when using an external trigger. 
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ue | | ftftfo Timer Ai mode register <One-shot pulse mode> 


Timer Ai mode selection bits 
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This bit must be “1” 


Trigger selection bits 


Trigger types 


(0 | 0 Trigger at write signel to one-shot start flag 


ae 
}1) 0. Trigger at the falling edge of TAiin input 
Trigger at the rising edge of TAiin input 


This bit must be “0” 


Count source selection bits 


b7 |b6 | Timer count sources 


Clock oscillating frequency (f(xin)) divided by 2 


1 


Clock oscillating frequency (fxXin)) divided by 16 
Clock oscillating frequency (fxXin)) divided by 64 


1 | Clock oscillating frequency (f(xin)) divided by 512 


b7 b6 bS5 b4 b3 b2 bt b0 


fe ft One-shot start flag (Address 4216) 
_ Timer AO one-shot start flag 
Timer A1 one-shot start flag 


Timer A2 one-shot start flag 





Timer A3 one-shot start flag 


Timer A4 one-shot start flag 


Internal trigger is generated when “1” is written 
in this flag 


This bit must be “O” 


Note: Use LDM and STA instructions to write in the one-shot start flag (do not use the SEB instruction) 


Fig.2.7.15 One-shot Pulse Mode Related Register Bit Structure 
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(2) One-shot pulse mode operation 


First the mode, count source, and trigger source are selected with the timer Ai mode register bits. 
Next, when a value n (between 000016 and FFFFie) is written in the timer Ai register, the count start 
flag is cleared (count disabled) and n is stored in the counter and the reload register. Then count 
is enabled when the count start flag is set to “1”, but the counter does not start until it is triggered. 
lf bit 4 of the timer Ai mode register is “0”, an internal trigger is generated by setting the bit 
corresponding to each timer in the one-shot start flag to “1”. If bit 4 is “1”, a trigger is generated 
at the rising edge or falling edge of the TAiin pin input signal (whether to trigger at the rising edge 
or falling edge is selected with bit 3 of the timer Ai mode register). 

When triggered, the TAiout pin level becomes “H” and the timer starts counting nowever. if the timer 
Ai register contains “000016”, the TAiout pin level remains at “L” and counting does not start). The 


‘counter is decremented and when its content reaches “000116”, the TAiout pin level becomes “L”, 


the content of the reload register is loaded in the counter, and counting stops. An interrupt occurs 
and the interrupt request bit is set to “1” when the TAiour pin level changes from “H” to “L”. The 
interrupt request bit remains set until the interrupt is accepted or it is cleared by program. 

The count resumes at the next trigger and this operation is repeated. 

The “H” width of the pulse output from the TAiour pin is (count source cycle) x n. 

If the count start flag is “O” (count disabled), the TAiout pin output is at “L” level. Therefore, an 
arbitrary pulse width can be generated by setting a value in the timer Ai register before setting the 
timer Ai count start flag to “1”. 

If another trigger is received before a triggered operation completes, the content of the reload 
register is transferred to the counter and decrement continues from that value. In this case, the 
TAiout pin level becomes “L” at n+1 count after the trigger. A trigger never causes the content of 
the reload register to be transferred to the counter except when it is received while a triggered 
operation is being executed. In this case, there should be at least one cycle of the timer count 
source between triggers. 


Precautions when using one-shot pulse mode 

If the low-order eight bits of the timer Ai register is set to “OO16e” in one-shot pulse mode, the value 
must be reset and the count start flag must be set to “1” before the next trigger after a one-shot 
pulse output. 
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Fig.2.7.16 One-shot Pulse Mode Operating Diagram (when external trigger is selected) 
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2.7.6 PWM (Pulse Width Modulation) mode [11] 
The PWM mode is selected by setting bits 1 and 0 of the timer Ai mode register to “1”. When this mode 
is selected, bit 2 of the timer Ai mode register must be set to “1”. Figure 2.7.17 shows the bit 
configuration of the PWM mode related registers. 


(1)Functions 


The PWM mode continuously outputs an arbitrary pulse width signal from the TAiout pin. A 16-bit 


PWM mode or an 8-bit PWM mode can be selected from a program. 


@16-bit PWM mode 
The counter functions as a 16-bit pulse width modulator. 


@8-bit PWM mode | | 
The reload register and the counter are both divided into 8-bit halves. The high-order 8-bits of the 
counter function as a pulse width modulator and the low-order 8-bits function as a prescaler. 


(2) Operation 


First the mode, count source, and trigger source are selected with the timer Ai mode register bits. 
Next, when data is written in the timer Ai register with the timer Ai start flag set to “O” (pulse width 
modulator operation halted), it is stored in the counter and the reload register. In PWM mode, the 
count start flag is not cleared when writing to the timer Ai register. 

The trigger can be either internal or external. The source of trigger is selected with bit 4 of the timer 
Ai mode register. A software trigger is selected when this bit is “O” (internal trigger) and an external 
trigger is selected when it is “1”. 


@Software trigger 
An internal trigger is generated by setting the count start flag to “1”. 


@External trigger (TAiin pin input pulse) 
After the count start flag is set to “1”, a trigger is generated at the effective edge of the input signal 
to the TAiin pin. The effective edge is selected with bit 3 of the timer Ai mode register. A trigger 
is generated at the falling edge if bit 3 is “O” and at the rising edge if it is “1”. 


Precautions when using an external trigger | 
The TAiin pin is in common with normal port pins. Therefore, the data direction register of the 
corresponding port must be set to input when using an external trigger. 


The pulse width modulator starts when triggered and outputs an arbitrary pulse from the TAiourt pin. 
The pulse width modulator cannot be retriggered once it is started. 
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Fig.2.7.17 Pulse Width Modulation Mode Timer Ai Mode Register Bit Configuration 
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(3)Selection function | 
A 16-bit or an 8-bit pulse width modulation mode can be selected from a program. A 16-bit PWM 
mode is selected when bit 5 of the timer Ai mode register is “O” and an 8-bit PWM mode is selected 
when it is “1”. | 


@16-bit PWM mode 
In 16-bit PWM mode, the svete and width of the pulse output from the TAiout pin are as follows: 


Output pulse CYCIE oo... ccccccccccccsseccsssecssseecssees (1/fil) X (2181) [8] 
Output pulse “H” width... (1/fi) x m [s] 
where 


fi: Clock frequency [Hz] 
m: Value in the reload register 


Figure 2.7.18 shows the output waveform during 16-bit PWM mode. An interrupt request signal 
is generated and the interrupt request bit in the timer Ai interrupt control register is set at each 
falling edge of the output pulse. To change the pulse width while it is being output, data must be 
written in the timer Ai register while the output pulse is at “L” (this also applies to 8-bit PWM 
mode). This data is written only in the reload register. The counter and count start flag are 
unaffected. The content of the reload register is transferred to the counter just before the rising 
edge of the next pulse and the output pulse is updated at the next pulse cycle. 

The content of the reload register is obtained if the timer Ai register is read during PWM mode. 


@8-bit PWM mode 

When 8-bit PWM mode is selected, both the reload register and the counter are divided into 8- 
bit halves. The low-order 8 bits of the counter function as a prescaler and the high-order 8 bits 
function as an 8-bit pulse width modulator. 

The prescaler counts the clock selected with bits 6 and 7 of the timer Ai mode register and a pulse 
is generated when its content reaches “0016”. At the same time, the content of the reload register 
is written in the prescaler and count continues. The counter counts the pulse generated by the 
prescaler. Therefore, the cycle and width of the pulse output from the TAiout pin are as follows: 


Output pulse Cycle ....... ees ..(1/f) x (m41) x (28-1) [s] 
Output pulse “H” width... a. (1/fi) x (n+1) x m [s] 
where 


fi: Clock frequency [Hz] 
m: Value in the high-order 8 bits of the reload register 
n: Value in the low-order 8 bits of the reload register 


Figure 2.7.19 shows the output waveform during 8-bit PWM mode. The operation in this mode is 
similar to 16-bit PWM mode except that the bit length is 8-bits. 


Precautions when using 8-bit PWM mode 
In. 8-bit PWM mode, if pulse output from the TAiout pin is started with a trigger, the pulse output 
starts after an “L” level is output for the specified “H” pulse width. 


2.7 Timer A 


1/fi x (2'%-1) 


Selected clock 
source fi 


TAiiN 


if rising edge 3 : 
( g edge) “>this trigger is not accepted 


> <——1/fi x (m) 


T Aiout | | | | 


Example when the content of the reload register is 000316 





Fig.2.7.18 Output Waveform During 16-bit PWM Mode 


a ee | ers 


maa TUTTE ULL 
source fi 
TAIN 
(if falling edge) 


= ae (ne) 


Prescaler output Fr qq 
(when n=2) | 
ee be t/fi x (n+1) x (m) 


8-bit PWM output Zz | Tr 4 


(when m=2) 





Fig.2.7.19 Output Waveform During 8-bit PWM Mode 
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2.8 Timer B 


2.8.1 Timer B description 
Timer B consists of three independent identical function timers TBO, TB1, and TB2. Three operation 
modes can be selected with the timer Bi mode selection bits of the timer Bi mode register (i=0, 1, 2). 


@Timer mode [00]* | 
In this mode the selected internal clock is counted and an interrupt request is generated at an 
arbitrary frequency. 


@Event counter mode [01]* 
In this mode the external clock input to the TBi pin is counted. The counter is decremented and an 
interrupt occurs when the timer underflows. , 


@Pulse cycle /pulse width measurement mode [10]* 
In this mode, the frequency or the pulse width of the signal input to the TBiin pin is measured. 


* The numbers in bracket indicate the timer Bi mode selection bits which are described later. 


2.8.2 Block diagram 
Figure 2.8.1 shows a block diagram of the timer Bi and the related registers. 


Count source 
selection bit 






(Loworder® 8 bi) : (High. -order 8 bits) 


‘Timer mode Reload register (1 6) 





“Pulse cycle/pulse width 
measurement mode 









4 ° > Counter (16) : _} Interrupt request bit 
Polarity switching : 
nd 


a 
Edge pulse — “Event counter Count start flag 
generating circuit mode 

Counter reset circuit 


TBiin © 






Fig.2.8.1 Timer Bi Block Diagram 


(1)Counter and reload register 
The counter and reload register consists of 16 bits. The counter counts the clock (count source) 
selected by the TBi mode register. It is decremented each time a Clock is input. The reload register 
contains the initial value of the counter. 
A value is set in the counter through the timer Bi register. The value written in the timer Bi register 
is written in the counter and the reload register. The content of the counter changes with clock input, 
but the content of the reload register remains unchanged. 
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(2)Count start flag 
The count start flag consists of flags that starts and stops individual timers. Each bit controls the 
count operation of the corresponding timer. The count clock is input to the counter when this bit is 
“4” and count clock is inhibited when this bit is “O”. These bits are cleared and the count is halted 
when a value is set in the timer (a value is written in the timer Bi register). 


b7 b6 bS5 b4 b3_ b2 b1_ b0 
Pf} fo fd Pr Count start flag (Address 4016) 


Timer AO count start flag 


Timer A1 count start flag 


Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 


Timer B2 count start flag 





Fig.2.8.2 Count Start Flag Bit Structure 


(3)Timer Bi register 
The data written in this register is set in the counter and the reload register. The current value of 
the counter can be determined by reading this register. 
The timer Bi register is divided into high-order byte and low-order byte and data read while the 
counter is halted or data write can be performed either in byte or word unit. However, the Bi register 
must be read in word unit when the counter is operating. 


Table 2.8.1 Timer Bi Register Address 


Timer Bi register High-order byte Low-order byte 


Timer BO register Address 5116 Address 5016 
Timer B1 register Address 5316 Address 5216 
Timer B2 register Address 5516 Address 5416 





























79 


CHAPTER 2.FUNCTIONAL DESCRIPTION 





(4)Timer Bi mode register | 
The timer Bi mode registers control the timer operating modes and counter source selection. Bits 
1 and 0 control the timer operating modes. Note that the meaning of each bit differs according to 
the timer operating mode. Refer to the description of the respective operating mode for the bit 
configuration in each operating mode. | 


b7 b6 b5 b4 b3 b2~ Ob1_ b0 


Pf ff Timer Bi mode register (Address 5Bi6~5D16) 


* Timer Bi mode selection bits 
bt 0 | Operation modes 
fof o | imermode 
NOS te Event counter mode 
Pa | 00) Pulse cycle/pulse width measurement mode 
This combination cannot be available 


The meaning of these bits depend on the timer 
operating mode. 





| 


4) Ver Fly flag Biase Jiayale Cauat seve FiAG* | 


Count source selection bits Counter input clock 


6] ___‘Timercountsourees (| fone [fam T6Mr 
POs]. 0 Clock oscillating frequency divided by 2 (fe) 4MHz 
BOLL te Clock oscillating frequency divided by 16 (f16) 500kHz 

e i (fe 


Clock oscillating frequency divided by 64 (fea 125kKHz 250kHz 
1 |Clock oscillating frequency divided by 512 (fs12)| 15625Hz 31250Hz 


Note : Bits 4 and 5 are undefined. 


f(Xin) 





f2 fie | fea 512 


Fig.2.8.3 Timer Bi Mode Register Bit Structure 


@Timer Bi mode selection bits 
These bits are used to control the timer operating modes. 


@Count source selection bits 
These bits are used to select the counter source (except in event counter mode). 
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(5)Timer Bi interrupt control register 
The timer Bi interrupt control register consists of interrupt priority level selection bits and interrupt 
request bits. 


b3 b2 bi b0 
ef ff Timer Bi interrupt control register(Address 7A16~7Ci6) 


Interrupt priority level 


Interrupt request bit 
No interrupt request 
1 Interrupt request 


Note : Bits 4 to 7 are undefined. 





Fig.2.8.4 Timer Bi Interrupt Control Register Bit Structure 
@interrupt priority level selection bit 
This bit is used to select the interrupt priority level. It should be set to a level between 1 and 7 
when using timer Bi interrupt. An interrupt is allowed only when this level is greater than the 
processor interrupt priority level (IPL) in the processor status register (PS). (When interrupt disable 
flag | is “O”.) Set these bits to “0002” to disable the timer Bi interrupt. 


Table 2.8.2 Interrupt ipllcdA Level 


bt Level 0 (Interrupt disabled 
| Oo | if hevel 1 eu 
Pec sMn ed) Os = eeWelee 
= 
Level 4 




















High 





@lnterrupt request bit 
This bit is set to “1” when a timer Bi interrupt request occurs. This bit can be set or cleared from 
a program. 


81 


CHAPTER 2.FUNCTIONAL DESCRIPTION 


2.8.3 Timer mode [00] 

A timer mode is selected by setting timer Bi mode register bits 1 and 0 to “0”. When this mode is 
selected, bits 2 and 3 of the timer Bi mode register are ignored. 

Figure 2.8.5 shows the bit configuration of the timer Bi mode register in timer mode. 


(1)Functions 


In timer mode, the selected internal clock is decreraonted and an interrupt occurs when the counter 
underflows. 


Timer dividing ratio ....... arate atetetendeceiteuseaiaeteauees 1/(n+1) 
n: Value set in timer Bi register | 
(a value between 000016 and FFFFte) 


(2)Timer mode operation 


First, the mode and count source are selected with the timer Bi mode register. Then when a value 
n (n=000016 to FFFFie) is written in the timer Bi register, the count start flag is cleared (count 
disabled) and n is stored in the counter and the reload register. 

When the count start flag is set to “1” (count enabled), the internal clock selected with the source 
selection bit is input to the counter. The content of the counter is decremented by 1 each time a 
clock is input. At the next clock input after the content of the counter reaches O16, the content of 
the reload register is loaded in the counter and the interrupt request bit is set to “1”. Count operation 
continues in this manner and the interrupt request bit is set to “1” each time the content of the 
counter changes from O16 to n. Therefore, a timer Bi interrupt request occurs at every n+1 count of 
the clock input. The interrupt request bit remains set until the interrupt is accepted or it is cleared 
from a program. 

The content of the counter can be read at any time by reading the content of the timer Bi register, 
but the content of the reload register cannot be read. 


Note : Interrupts must be enabled in order to use timer Bi interrupt. See “Section 2.6 Interrupts” for 
more information. 


b7 b6 bd b4 b3~ b2_. Ot 


Timer Bi mode register <Timer mode> 





[x] x 


! Timer Bi mode selection bits 
, bt |b0 | Operation mode 
[oo Timermede 


These bits are ignored (may be “0” or “1”) : 


Count source selection bits 


b7 |b6 Timer count sources 


: 0/20" Clock oscillating frequency (f(xin)) divided by 2 


ae Clock oscillating frequency (f(xin)) divided by 16 


Clock oscillating frequency (f(xin)) divided by 64 


hs Clock oscillating frequency ( (f(xin)) divided by 512 


Fig.2.8.5 Timer Bi Mode Register Bit Configuration in Timer Mode 
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| Stop count Resume count 
EFFFie Reload register contents 


Counter contents 
n 


000016 


Count start flag 


Interrupt Clear start flag 
request bit 


Cleared due to an interrupt or by software 


Fig.2.8.6 Timer Mode Operation 
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2.8.4 Event counter mode [01] 

The event counter mode is selected by setting the timer Bi mode register bit 1 to “O” and bit 0 to “1”. 
When this mode is selected, the timer Bi mode register bits 7 and 6 are ignored. 

Figure 2.8.7 shows the bit configuration of the timer Bi mode register during event counter mode. 


(1)Functions 
In event counter mode, the external clock input from the TBiin pin is counted and an interrupt occurs 
each time the counter underflows. 


Timer dividing ratio ........ccccccccccccccsccssecsessecseeeeeees 1/(n+1) 


n: Value set in timer Bi register 
(value between 000016 and FFFFie) 


| | jojt Timer Bi mode register <Event counter mode> 
Zz Timer Bi mode selection bits 


erfeo[ Operation mode 
al ad Event counter mode | 










Count polarity selection bits 


Polarities 
* Count at the falling edge of the input signal 
Count at the rising edge of the input signal 


Count at both edge of the input signal 


See 
er U 
Pi cls ea 


| This combination cannot be available 







These bits are ignored (may be “OQ” or “1”) 
Note : Bits 4 and 5 are undefined. 


Fig.2.8.7 Timer Bi Mode Register Bit Configuration in Event Counter Mode 
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(2)Event counter mode operation 
First, the mode and count polarity are selected with the timer Bi mode register. Then when a value 
n (n=000016 to FFFFis) is written in the timer Bi register, the count start flag is cleared (count 
disabled) and n is stored in the counter and the reload register. 
When the count start flag is set to “1” (count enabled), the effective edge of the signal input to the 
TBiin pin is detected and counted. When the count edge selection bits (timer Bi mode register bits 
3 and 2) are “00” , count is made at the falling edge of the input signal, when the bits are “01”, 
count is made at the rising edge, and when they are “10”, count is made at both edge of the input 
signal. 
The content of the counter is decremented by 1 each time an effective edge is detected. The 
content of the reload register is loaded in the counter and the interrupt request bit is set to “1” at 
the next clock input after the content of the counter reaches O16. Count operation continues in this 
manner and the interrupt request bit is set to “1” each time the content of the counter changes from 
Oie to n. Therefore, a timer Bi interrupt request occurs at every n+1 count of the clock input. The 
interrupt request bit remains set until the interrupt is accepted or it is cleared by program. 
The content of the counter can be read at any time by reading the content of the timer Bi register, 
but the content of the reload register cannot be read. 
The operation in event counter mode is identical to that of the timer mode except that an externally 
input clock is counted. 


Precautions when using the event counter mode 
When the event counter mode is selected, the data direction register bit of the port corresponding 
to the TBiin pin must be set to input (“0”). 
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2.8.5 Pulse cycle/pulse width measurement mode [10] | 

The pulse cycle/pulse width measurement mode is selected by setting the timer Bi mode register bit 1 
to “1” and bit 0 to “O”. | 

Figure 2.8.8 shows the timer Bi mode register bit configuration during pulse cycle/pulse width 
measurement mode. | 


(1)Functions 
This mode measures the cycle or width of the TBim pin input signal. 











Timer Bi mode register 
_<Pulse cycle/pulse width measurement mode> 


Timer Bi mode selection bits 


bt |b0- Operation mode 


oF Pulse cycle/pulse width measurement mode 





Le 


Measurement interval selection bits : 


Measurement intervals 


Pulse cycle measurement mode 
(from falling edge to the next falling edge) 


Pulse cycle measurement mode 
(from rising edge to the next rising edge) 


Pulse width mesurement mode 


— 


his combination cannot be available 


oF 
Fr sca cca 
fa Boas AE 


Count source selection bits 


Timer count sources 
Clock oscillating frequency (f(xin)) divided by 2 


1 {Clock oscillating frequency (f(xin)) divided by 16 


oO 
Fal el eld 


|Clock oscillating frequency (f(xin)) divided by 64 


1 | 1 |Clock oscillating frequency (f(xin)) divided by 512 


—— 


Note : Bits 4 and 5 are undefined. 





Fig.2.8.8 Timer Bi Mode Register Bit Configuration in Pulse Cycle/Pulse Width Measurement Mode 
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(2)Pulse Cycle /pulse width measurement mode description 


First, the mode, count source, and whether to measure the pulse cycle or width are selected with 
the timer Bi mode register. The operation of the pulse cycle measurement and pulse width 
measurement are the same except for the effective edge of the TBiin at which the count is triggered. 
When the count start flag is set to “1” (count enabled), the counter starts and the selected count 
source is input to the counter. The counter is an incremental counter with its content incremented 
(+1) each time a count source clock is input. 

When the effective edge (Note 2) of the TBiin input signal is detected, the content of the counter 
(measurement result) is transferred to the reload register. 


Note 1 : In this mode, the reload register functions as a buffer register. The content of the reload 
register can be read by reading the timer Bi register. 
Note 2: The effective edge is selected with timer Bi mode register bits 3 and 2. 


When the content of the counter is transferred to the reload register, it is cleared and counting 
continues. This operation is repeated each time an effective edge is detected. 

A timer Bi interrupt request occurs when the content of the counter is transferred to the reload 
register. When an interrupt request occurs, the timer Bi interrupt request bit is set to “1”. The 
interrupt request bit remains set until the interrupt is accepted or the bit is cleared by program. 
However, an interrupt request does not occur when the content of the counter is transferred to the 
reload register at the first effective edge detected after the count start flag is set to “1”. 


Table 2.8.3 Effective Edge Types 






b3 Measurement Mode 
0 | 0 [Falling edge (from “H” to “L”) Pulse cycle 
0 | 1  |Rising edge (from “L” to “H”) Pulse cycle 
1 | 0 |Both edges (level change) Pulse width 





Precaution when using pulse cycle/pulse width measurement mode 

1.The TBin pin is used as the pulse input pin. Therefore, the data direction register of the 
corresponding port must be set to input mode. 

2.When measuring signals other than 50% duty in pulse width measurement mode, whether the 
content of the reload register is measured at “H” level or “L” level must be determined by program. 
In addition, the count interval must be at least 2 cycles of the count source. 

3.In this mode, an interrupt occurs when the timer overflows. Therefore, an appropriate count 
source must be selected to prevent timer overflow. 
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Selected count 
source 


TBin input 


Reload 
register<— counter 


Counter — 0 | | | | | 


Count start flag ee, ee, ae 


Interrupt request 
signal 





Fig.2.8.9 Timer Operation During Pulse Cycle Measurement Mode 


Selected count 
source 


TBin input 


Reload | J 7 | . 
registere— counter 


Counter <— 0 | | ee 0 
Count start flag es ns 
Interrupt request | 
signal | | 


Fig.2.8.10 Timer Operation During Pulse Width Measurement Mode 
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2.9 Serial I/O 


2.9.1 Serial I/O description 

The M37700 has two serial I/O ports that can operate either as clock synchronous serial I/O port or 
asynchronous serial I/O (UART) port. These two ports are independent, but have identical functions. 
Each serial I/O port has a transfer clock generation timer (baud rate generator) and can be set a variety 
of data transfer rate. 

Each serial I/O has four operating modes. The following modes are available: 


@Clock synchronous serial I/O [001]* 
In this mode, both the transmission side and receiving side use the same clock to transfer data. 


@7-bit UART [100]* 
In this mode, the data is transferred at an arbitrary rate and data format. The data (character) length 
is 7 bits. 


@8-bit UART [101]* 
This mode is identical to 7 bit UART except that the data length is 8 bits. 


@9-bit UART [110]* 
This mode is identical to 7 bit UART except that the data length is 9 bits. 


*The number in brackets are the content of the serial |/O mode selection bits which are described later. 


Clock synchronous serial I/O 
Clock asynchronous serial I/O (UART) 7-bit UART 


Serial I/O 


8-bit VART 
9-bit VART 





Fig.2.9.1 M37700 Serial /O 
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2.9.2 Block description 
Figure 2.9.2 shows a block diagram of serial I/O. The function of each block is described below. 


Recive buffer 
[0] 0] 0] 0} 0} 0} 0}De|D7}0s|Ds]D_]D3|DefDs|Do| aia 


Ax0i O 


©. . 
Clock source selection - Receive control Receive clock 
: circuit 
: ‘ Transmission S Transmission clock 
ontrol circyi 


Clock synchronous -—© 


he intra) | Transmission register, register 

Clock synchronous” | 

Clock synchronous (Internal clock) (External clock) : 7 

PPPPPPPPB srs 

buffer register 
CLKi O 4 9 


CTSI/RTSI O = Data bus (odd) 





Fig.2.9.2 Serial 1/O Block Diagram 


(1)UARTI transmit/receive mode register 
The UARTi (i=0, 1) transmit/receive mode register consists of 8 bits. This register is used to set the 
serial |1/O mode and transfer format. Figure 2.9.3 shows the bit configuration of the UARTi transmit/ 
receive mode register. 


@Bits 0 to 2—Serial I/O mode selection bits 
These bits are used to enable/disable serial |/O and select the function of port P8. When these 
bits are set to “000”, serial I/O is disabled and ports P80 to P83 and P84 to P87 function as 
programmable I/O ports. When one of the serial I/O modes is selected, port P8 has the function 
shown in Table 2.9.1 and loses its programmable I/O port function (except some pins in UART 
mode). | 


Table 2.9.1 Function of Port 8 when Serial I/O is Selected 


Using UARTO Using UART1 Function 
P8o | -- P84._—s—s«s | CTS/RTS (transmission control signal 1/O pin) 
P81 | P8s—s« CLK (transfer clock I/O pin) (Note) 


P82 P86 RxD (serial data input pin) 
P83 P87 TxD (serial data output pin) 


Note:This depends on the internal/external clock selection bit as follows: 
When external clock is selected : Clock input pin 
When internal clock is selected : Clock output pin in clock synchronous mode and normal I/O port 
in UART mode : 
When the CTS input (P80 or P84), external transfer clock (P8: or P8s), and RxD (P82 or P86e) are 
used, the corresponding data direction register must be set to “0” (input mode). 
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b7 b6 b5 b4 b3 b2 bi b0 
UARTO transmit/receive mode register (Address 3016) 
UART1 transmit/receive mode register (Address 3816) 


Serial I/O mode selection bits 


Bi 

NO 

2 
—, 


Serial 1/O prohibited 

Clock synchronous Serial I/o 
7-bit VART 

8-bit UART 

9-bit UART 


— 


1 


Internal/external clock selection bit 


Internal clock 


External clock 


EE 


Stop bit length selection bit (in UART mode) 
One stop bit 


1 Two stop bits 


Odd/even parity selection bit (in UART mode) 
Odd parity 
Even parity 


Parity enable bit (in UART mode) 
Parity disabled 
Parity enabled 


palo 


Sleep function selection bit (in UART mode) 
Sleep function disabled 


1 Sleep function enabled 


Note:Bits 4 to 6 are ignored in clock synchronous mode. 
Bit 7 must be set to “O” when using clock synchronous mode. 
This register is cleared to “OOi16” at reset. 


Fig.2.9.3 UARTi Transmit/Receive Mode Register Bit Configuration 
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@Bit 3—Internal/external clock selection bit 
[Clock synchronous mode] a 
This bit is used to select either an internal clock or an external clock as the synchronous clock 
(shift clock) for data transfer. 
When this bit is set to “O” to select an internal clock, the later described BRGi generated clock 
divided by 2 is used as the shift clock. In addition, the CLKi pin becomes the output pin and the 
shift clock is output from this pin. 
When this bit is set to “1” to select an external clock, The CLKi pin becomes the input pin and 
data transfer is synchronized with the clock input to this pin. 


[UART mode] 

This bit is used to select either an internal clock or an external clock as the input to the BRGi 
which is described later. 

When this bit is set to “0” to select an internal clock, the clock selected with the BRG count source 
selection bit in the UARTi control register becomes the BRG input clock. In this case, the CLKi 
pin can be used as a programmable 1/O pin. 

When this bit is set to “1” to select an external clock, the CLKi pin becomes the clock input pin | 
and the clock input to this pin becomes the BRGi input clock. 


@Bit 4—Stop bit length selection bit 
[Clock synchronous mode] 
This bit is ignored. (It can be either “O” or “1”.) 


[UART mode] 
This bit is use to select between 1 and 2 bits as the stop bit to indicate the end of data. 


@Bit 5—Odd/even parity selection bit 
[Clock synchronous mode] | 
This bit is ignored (it can be either “O” or “1”). 


[UART mode] 
This bit is used to select between even parity and odd parity. This bit is ignored if the parity enable 
bit is set to “O” (disabled). | 


@Bit 6—Parity enable bit 
[Clock synchronous mode] 
This bit is ignored (it can be either “O” or “1”). 


[UART mode] 
This bit is used to specify whether to add a parity bit at the end of transfer data. Whether to use 
odd parity or even parity is specified with bit 5. 


@Bit 7—Sleep function selection bit 
[Clock synchronous mode] 
This bit must be set to “0”. 


[UART mode] 

This bit is used to enable or disable the sleep function (see “2.9.5 (6) Sleep mode’). If the sleep 
function is enabled, the data is ignored when the most significant bit (MSB) of the received data 
is “O”. This function is used when multiple microcomputers are connected through the serial 1/O 
port. i 


2.9 Serial 1/O 





(2)UARTi transmit/receive control register 0 
The UARTi transmit/receive control register 0 consists of bits to select the BRG count source and 
CTS/RTS pin function, and a flag that indicates the transmission register status. Figure 2.9.4 shows 
the bit configuration of the UARTi transmit/receive control register 0. 


@Bit 0 to 1—BRG counter source selection bits 
This bit is used to select the count source of the baud rate generator (BRG) when an internal clock 
is selected. The count source can be either 1/2 (fz), 1/16 (fie), 1/64 (fes), or 1/512 (fs12) of the 
source oscillating frequency f(Xin). 


@Bit 2—CTS/RTS function selection bit 
This bit is used to specify whether to use the P80 pin (when using UARTO) or P84 (when using 
UART1) as CTS input pin or RTS output pin. 
When this bit is “0”, P80 or P84 becomes a CTS input pin and this pin must be at “L” level in order 
for transmission to start. 
When this bit is “1”, P80 or P84 becomes an RTS output pin and “H” level is output when receive 
is disabled (receive enable flag is “O”) and “L” level is output when receive is enabled (receive 
enable flag is “1”). It returns to “H” when receive starts. 


@Bit 3—Transmit register empty flag 
This bit is set to “O” when the content of the transmit buffer is transferred to the transmission 
register. It is set to “1” when transmission completes andthe transmission register becomes 
empty. 


@Bits 4 to 7 
These bits are undefined because no memory is allocated. 








b3 b2 bi b0 
S UARTO transmit/receive control register 0 (Address 3416) 
: UART1 transmit/receive control register 0 (Address 3Cis) 


BRG count source selection bits 





Count source 


Select fe 
1 | Select fie 
Select fea 


Select fs12 


Oo 


1 





CTS/RTS selection bit 
Select CTS 
Select RTS 


1 





Transmission register empty flag 





Data in transmission register (transmitting) 
No data in transmission register (transmit complete) 


Fig.2.9.4 UARTi Transmit/Receive Control Register 0 Bit Configuration 
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(3) UARTi transmit/receive control register 1 | , 
The UARTIi transmit/receive control register 1 consists of serial I/O enable bit, serial I/O status 
flag, and serial I/O error flags. Figure 2.9.5 shows the bit configuration of the UARTi transmit/ 
receive control register 1. | | 


b7 b6 b5 b4 b3 b2 Obi b0 
UARTO transmit/receive control register 1 (Address 35:6) 
UART1 transmit/receive control register 1 (Address 3Di6) 
Transmit enable flag 


oF Transmission disable , 
Transmission enable | 


Transmission buffer empty flag 


0 | Data in transmission buffer register 
No data in transmission buffer register 


Receive enable flag 


oe Receive disable 


1 Receive enable 


Receive completion flag 


No data in receive buffer register 


EE 


Data in receive buffer register 


Overrun error flag 


No overrun error 


Overrun error 


BE 


Framing error flag (in UART mode) 
No framing error 


Framing error 


BE 


Parity error flag (in UART mode) 
No parity error 
Parity error 


|=} 2] 


Error sum flag (in UART mode) 


No error 


Error occurred 


| Note:Bits 5 to 7 are ignored in clock synchronous mode. 
Each error flag is cleared when the content of the receive buffer register is read. 


Fig.2.9.5 UARTi Transmit/Receive Control Register 1 Bit Configuration 





2.9 Serial 1/O 





@Bit O—Transmission enable bit 
Serial 1/O transmission is enabled when this bit is set to “1”. 


@Bit 1—Transmission buffer empty flag 
This bit indicates the status of the transmission buffer register. It is set to “1” when the content 
of the transmission buffer is sent to the transmission shift register. It is automatically cleared when 
data is written in the transmission buffer register. 


@Bit 2—Receive enable flag — 
Serial I/O receive is enabled when this flag is set to “1”. If the RTS function is selected, the RTS 
pin level becomes “L” when this flag is set to “1”. — 


@Bit 3—Receive completion flag 
This flag is set to “1” when the data in the receive register is transferred to the receive buffer 
register (receive completion). This bit is cleared when the low-order byte of the receive buffer 
register is read or when the receive enable flag is set to “O” (receive disabled). 


@Bit 4—Overrun error flag | 
This flag is set to “1” when receiving of the next data completes and the content of the receive 
buffer register is updated while there is data remaining in the receive buffer register (before the 
content of the receive buffer register is read). 
This flag is cleared when the low-order byte of the receive buffer register is read or when the 
receive enable flag is set to “0” (receive disabled). 


@Bit 5—Framing error flag 
[Clock synchronous mode] 
This bit is ignored. 


[UART mode] 

This flag is set to “1” when the number of stop bits is not the number specified with bit 4 of the 
UARTi transmission mode register. This flag is cleared when the low-order byte of the receive 
buffer register is read or when the receive enable flag is set to “O” (receive disabled). 


@Bit 6—Parity error flag 
[Clock synchronous mode] 
This bit is ignored. 


[UART mode] 

This flag is set to “1” when there is a parity error. This flag is cleared when the low-order byte 
of the receive buffer register is read or when the receive enable flag is set to “0” (receive 
disabled). 


@Bit 7—Error sum flag 
[Clock synchronous mode] 
This bit is ignored. 


[UART mode] 

This flag is set when either an overrun error, a framing error, or a parity error occurs. This flag 
is cleared when the low-order byte of the receive buffer register is read or when the receive 
enable flag is set to “O” (receive disabled). 
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(4)Transmission register and transmission buffer register 

When transmit conditions are satisfied, the transmit data written in the transmission buffer register 
is transferred to the transmission register and is synchronously transmitted from the TxD pin with 
the specified clock. In clock synchronous mode and 7 or 8 bit UART mode, only the low-order byte 
of the transmission buffer register is used. In 9 bit UART mode, bit 8 of the transmit data is written 
in bit 0 of the high-order byte, and the remaining 7 to 0 bits are written in the low-order byte. 
The transmission buffer register becomes empty after the data is transferred to the transmission 
register. Therefore, the next transmit data can be written during transmission. 

The content of the transmission buffer register cannot be read because it is a write only register. 


Data bus (odd) 
Data bus (even) : 


Transmission buffer register 


Ds, D7 [Ds [Ds] be bs De[Dr[ De 


7-bit UART 8-bit VART 
. 9-bit UART 9-bit UART 
Parity UART Clock syne. Clock slag 
O O O° O 
" . ca a C) TxDi 


ees 

No parity | Clock 8-bit UART 
en synchronous Soak ae i 
0 , 





Fig.2.9.6 Serial I/O Transmission Block Diagram 


(5)Receive register and receive buffer register 

The receive register converts serial data input from the RxD pin to parallel data. The RxD pin level 
is moved bit by bit to the receive register synchronized with the rising edge of the synchronous 
clock. The contents of the high-order 7 bits of the receive buffer register can be always read “0”. 
And, the unused bits (D7 and De in 7-bit UART mode and Ds in 8-bit UART mode) of the low-order 
9 bits can be read the same data as the MSB (most significant bit) of effective receive data. 
Note that the content of the receive buffer register will be updated if the next receive data becomes 
available before the receive buffer register is read. 
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Data bus (odd) 


Receive buffer register : 


fOToToTolo To fo [bse] [Br[Ds]Ds]D4 [Ds [D2 [Di [Do 


8-bit UART 
9-bit UART 
Clock sync 
a OC ED 
O 
O 


: 7-bit UART ‘ : 
8-bit UART Receive register 
Clock sync. 





Fig.2.9.7 Serial 1/O Receive Block Diagram 


(6)Baud rate generator 
The baud rate generator (BRG) is a timer used exclusively for serial I/O. It is equipped with a reload 
register and consists of 8 bits. The BRG divides the input clock by (n+1), where n is the value set 
in the BRG register. This register can contain a value between 0 (0016) and 255 (FFie). 
In clock synchronous serial I/O mode, BRG becomes effective when an internal clock is selected 
and the BRG output divided by two becomes the transmit/receive clock. 
In UART mode, the BRG is effective regardless of the clock type and the BRG output divided by 
16 becomes the transmit/receive clock. 
The content of the BRG register cannot be read because it is a write only register. 


@ Clock synchronous mode 


Transmission control circuit | Transmission clock 
Receive control circuit Receive clock 


@ UART mode 


Transmission control circuit Transmission clock 
i | O Receive control circuit Receive clock 
EXT 


fi: Internal clock selected with the BRG count source selection bit 
fext: External clock input to the CLKi pin 


Fig.2.9.8 Shift Clock Generation Block Diagram 
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(7) UARTi transmission interrupt control register/UARTi receive interrupt control register 
Transmission interrupt and receive interrupt can be used when the serial I/O function is selected. 
Each of these interrupts has an interrupt control register which is used to set the enable condition 
(priority level) and check the existence of an interrupt request. | 


@interrupt priority level 
These bits specify an interrupt priority level between 0 and 7. When an interrupt occurs, this level 
is compared with the IPL in the processor status register. The interrupt is enabled when this 
priority level is higher than the IPL (see “Section 2.6 Interrupts”). 


@lnterrupt request bit 
The transmission interrupt request bit is set to “1” when data is transferred from the transmission 
buffer register to the transmission register for data transmission. 
The receive interrupt request bit is set to “1” when data receive completes and data is transferred 
from the receive register to the receive buffer register. 


UARTO transmission interrupt control register (Address 7116) 
UART1 transmission interrupt control register (Address 73:6) 


Interrupt priority level selection bits 


Level 0 (interrupt disabled) 


o 
A 
opt [op twee 
EN 
a 


A 
NE 


Interrupt request bit 
FO No interrupt request 
Interrupt request 


Note:The bit configuration of the UARTi receive interrupt control register is the same as the UARTi 
transmission interrupt control register (i=0, 1). 





Fig.2.9.9 UARTi Transmission Interrupt Control Register Bit Configuration 
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2.9.3 Serial 1/O operation mode selection 

In order to use the serial I/O function, the serial I/O operation mode must be selected first. The 
operation mode is selected with bits 2 to 0 (serial 1/O mode selection bits) of the UARTi transmit/receive 
mode register (see Table 2.9.3). When a serial 1/O mode is selected, the serial I/O function becomes 
effective and port P8 (P80 to P83 when using UARTO and P84 to P87 when using UART1) changes to 
serial |/O pin. When a port changes to a serial I/O port, it loses its programmable I/O port function and 
the corresponding data direction register and port register are ignored. 

The clock synchronous serial I/O and the clock asynchronous serial 1/O (UART) functions are described 
below. 


Table 2.9.2 Serial 1/0 Mode Selection Registers 

Serial |/O mode | Operation mode selection register 
UARTO UARTO transmit/receive mode register (address 3016) 
UART1 UART1 transmit/receive mode register (address 3816) | 





Table 2.9.3 Relation between Serial I/O Mode Selection Bits and Operation Mode 






































































b2 b0 Operation Mode Port P8 Function 
0 0 | Serial I/O disabled Programmable |/O port 
0 0 | Clock synchronous serial |/O Serial 1/O function pins 
0 1 This cannot be available — 

0 1 This cannot be available — 

1 0 7-bit UART Serial I/O function pins 
1 0 8-bit UART Serial I/O function pins 
1 | 1 | 0 | 9-bit UART Serial I/O function pins 
1 4k | This cannot be available — 


Note: The serial |/O mode selection bits must be set to “O00” when serial I/O is not used. These bits must 
not be set to “010”, “011”, or “111”. 
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2.9.4 Clock Synchronous serial !/O 
Table 2.9.4 shows the performance of clock synchronous mode Serial I/O. 


Table 2.9.4 Clock Synchronous Serial I/O Description 


Parameter 7 Function 


Data format 8 bit fixed, LSB first 


Transmission speed __jinternal clock BRG output/2 


External clock 2Mbps maximum (at f(Xiny=8 MHz) 
4Mbps maximum (at f(Xin)y=16MHz) 


Transmit/receive control CTS input or RTS output can be selected by a program. 


(1)Synchronous clock (shift clock) 


The serial I/O data transfer rate is determined by the synchronous clock (shift clock). The M37700 
can select whether to generate this clock internally ‘or to use an external clock. The synchronous 
clock is generated internally when the transmission mode register bit 3 is set to “0” and externally 
when it is set to “1”. 


@internal generation of synchronous clock 

When the clock internal/external selection bit is set to “0”, the BRG output divided by 2 is used 
as the synchronous clock. In this case, the CLK pin becomes output mode and the transmit 
synchronous clock is output from the CLK pin. 

The BRG is a Serial I/O timer consisting of 8 bits and is used as a frequency divider to generate 
the desired frequency. The BRG divides the clock selected with UARTIi transmit/receive control 
register 0 bits 1 and 0 by n+1 and then by 2. “n” is the value set in the BRG register. It can be 
a value between O16 and FFe. 


Synchronous clock frequency ............. pete 
: BRG input frequency 
Hae synchronous clocks are generated by activating the 
transmitter. : 


@Using external input clock as synchronous clock 
When an external clock is selected, the CLK pin becomes the input pin and the clock input to this 
pin becomes the synchronous clock. 


Precautions when using clock synchronous serial I/O 

In clock synchronous mode, the synchronous clock used for data transfer is generated by 
activating a transmitter. Therefore, the transmitter must be activated even when performing receive 
only. 
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(2)Serial I/O data transmission 
The data transmission method in clock synchronous serial I/O mode is described below. 


[Setting the control registers] 
Set each serial I/O control register for transmission. 


@Transmit/receive mode register 
-Operation mode 
Set the serial 1/0 mode selection bits to 001. 
«Synchronous clock 
Select either an internal clock (“0”) or an external clock (“1”) with the synchronous clock selection 
bit. 
Set bit 7 to “O” (disable sleep mode). 


@Transmit/receive control register 0 
*Enable/disable CTS function 
CTS is used when the start of serial data transmission is controlled externally. One of the 
conditions of starting transmission is setting the CTS pin to “L” when using the CTS function. 


@Transmit/receive control register 1 
Set transmission enable flag to “1”. 


After initialization, write the data to be transmitted in the low-order byte of the transmission buffer 
register. At the same time, the transmission buffer register empty flag becomes “0”. 


b7 b6 b5 b4 b3 b2 Ob1~ b0 | 
X X X 1 UARTO transmit/receive mode register (Address 3016) 
UART1 transmit/receive mode register (Address 38:6) 
Ze Serial 1/O mode selection bits 


esc ae 
Oe ee eee 


Internal/external clock selection bit 
Internal clock 


External clock 


Sleep function selection bit (in UART mode) 


b7 b6 b5 b4 b3 b2~ bi bod Sleep function disabled 


UARTO transmit/receive control register 0 (Address 3416) 
UART1 transmit/receive control register 0 (Address 3Cie) 


CTS/RTS selection bit 


ie | Select CTS 


UARTO transmit/receive control register 1 (Address 351) 
UART1 transmit/receive control register 1 (Address 3Di1s) 


Transmission enable flag 
Transmission enable 





Fig.2.9.10 Setting the Control Registers 
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[Transmit operation] | 
The transmission of serial data starts when the following conditions are satisfied. 


@Transmission enabled (transmission enable flag is “1”). 
@Transmit data is available in the transmission buffer (transmission buffer empty flag is ar) 
@CTS pin input level is “L”. 

(Note: This condition is ignored if the CTS function is not selected.) 


When the above three conditions are satisfied (two if CTS function is not selected), the content of 
the transmission buffer register is transferred to the transmission register and eight shift clocks are 

- generated. At this point, the transmission buffer empty flag is set to “1” and the transmission register 
empty flag is cleared to “O”. The shift clock is input to the transmission control circuit and the data 
in the transmission register is transmitted bit by bit from the TxD pin (starting at the low-order bit) 
at each falling edge of this clock. When the 1-byte data transmission is completed by the eighth shift 
clock, the transmission register empty flag is set to “1”. 


The synchronous clock is generated continuously if the conditions for the next data are satisfied 
when a transmission completes. Therefore, to transmit data continuously, the next data should be 
written in the transmission buffer register while data is being transmitted (when the transmission 
register empty flag is 0). If the conditions to transmit the next data are not satisfied, the synchronous 
clock halts at “H”.. 


[Transmission interrupt] 

The transmission interrupt request bit is set to “1” when the content of the transmission buffer 
register is transferred to the transmission register. To use the transmit interrupt, the interrupt priority 
level in the UARTi transmission interrupt control register must be set to 1 or greater before an 
interrupt occurs. In addition, the interrupt disable flag must be cleared to “0”. (See “Section 2.6 
interrupts” for more information on interrupt enable conditions.) The transmission interrupt request 
flag is cleared when an interrupt is accepted. It can also be cleared from a program. 


b7 b0 


Transmission buffer register Transmit data 


Transmission register Dy ]De B=] 0-]D>]0-]B [Ds 
[Dr] ]Os 0. Ds]: ]D- 


Shift clock 


[Dy[Os]0 |. ]O.]D: 
[Pr o]0.[B- 





Fig.2.9.11 Serial /O Transmit Operation 
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—>|  e—1/fix(n+1) x2 


Transmit 
clock 


Transmit 


enable flag Write in transmission buffer 


Transmission register 
buffer empty 1p 
flag 


CTS 


Transmission register 
«Transmission buffer register 


ol + 1/fix(n+1) x2 ¥ Stop because transmission enable flag is “O” 


ar, 


CLK 


TEND i | | 


TxD (DXDIXOAOK ONIX O? _ XOXO ONKONKOSKDXO? De Ds { Do De)X Da Dey DeX 07 
Transmission 
register empty | | | ane ee es | 


flag 


fi: Selected internal clock frequency 
Teno: Check next transmit condition when this signal level becomes “H” 
(Tenn iS an internal signal and cannot be observed externally.) 





Fig.2.9.12 Clock Synchronous Serial 1/0 Timing Chart 
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(3) Serial data receive 
The data receive method in clock synchronous serial I/O mode is described below. 


[Setting the control registers] 
@Transmit/receive mode register 
«Operation mode 
Set the operation mode selection bits to 001. 
«Synchronous clock a 
Select either an internal clock (“O’ ' or an external clock (“1”) with the s¥nchronous clock selection 
bit. | 
*Set bit 7 to “0” (disable sleep mode). 


@Transmit/receive control register 0 
«Enable/disable CTS function 
CTS, RTS selection bit 
“0”: RTS function disabled (CTS function selected). 
“1”: RTS function selected. | 
The RTS function is used to notify externally when ready to receive serial data. The RTS pin is 
normally at “H” level. It becomes “L” when the receive enable flag is set to “1”. 


@Transmit/receive control register 1 
*Set transmission enable flag to “1” (transmission enabled). 
*Set receive enable flag to “1” (receive enabled). 


@Write data in transmission buffer register 
Internal clock — Shift clock is generated and receiving starts. 
External clock — Starts receiving as soon as clock is input to CLK pin. 


Precautions when using clock synchronous Serial I/O receive 

In clock synchronous serial I/O, the shift clock is generated by activating a transmitter. Therefore, 
a transmit operation must be performed even when performing receive only. Note that in this case, 
a dummy data is output from the TxD pin. 

When an internal shift clock is selected, the shift clock is generated by enabling transmission and 
writing a dummy data in the transmission buffer register. When an external shift clock is selected, 
receive starts as soon as the shift clock is input to the CLK when the transmission enable bit is set 
to “1” and a dummy data is written in the transmission buffer register. 
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b7 b6 b5 b4 b3 b2 Obi b0 
| X xX X 1 UARTO transmit/receive mode register (Address 301s) 
UART1 transmit/receive mode register (Address 381s) 
ae Serial I/O mode selection bits 
ee forfoo[ Mode 
FO} 0] 4 | Clock synchronous serial |/o 


Internal/external clock selection bit 
0:4 Internal clock 


External clock 


Sleep function selection bit (in UART mode) 


Sleep function disabled 


UARTO transmit/receive control register 0 (Address 3416) 
UART1 transmit/receive control register 0 (Address 3Cic) 


CTS/RTS selection bit 
Select CTS 


Select RTS 
b7 b6 b4 b3 b2 Obi b 


b5 0 
X X X 1 1 UARTO transmit/receive control register 1 (Address 3516) 
UART1 transmit/receive control register 1 (Address 3Di6) 


Transmission enable flag 


Transmission enable 


Receive enable flag 


Receive enable 





Fig.2.9.13 Setting the Control Registers 
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[Receive operation] (When using an external clock) 

Serial data receive is enabled by enabling transmission and setting the receive enable flag to “1”. 
When the receive enable flag is set to “1” the RTS pin level becomes “L” to indicate externally that 
the microprocessor is ready to receive serial data (when RTS function is selected). The transmit and 
receive timing can be synchronized by connecting the RTS output to the CTS pin on the transmit side. 
The RxD pin level is used to establish the most significant bit of the receive register at the rising edge 
of the shift clock input to the CLK pin and the content of the receive register is shifted 1 bit to the 
right. This operation is repeated each time a clock is input. When 1-byte data is accumulated in the 
receive register after eight transmit clocks, the content of the receive register is transferred to the 
receive buffer. At the same time the receive completion flag and the receive interrupt request bit are 
set to “1”. The receive completion flag is cleared when the receive buffer register is read. 

When receiving data continuously, an overrun error occurs and bit 4 of the UART transmit/receive 
control register 1 (overrun error flag) is set if the next receive data becomes available in the receive 
register while the receive completion flag is “1” (before reading the content of the receive buffer 
register). In this case, the next data is written in the receive buffer register. Therefore, if an overrun — 
occurs, the transmit and receive programs must make arrangements to re-transmit the data. 


Receive register 


Shift clock 


DDE |B 


Fig.2.9.14 Serial /O Receive Operation 





[Receive interrupt] 

A receive interrupt occurs and the receive interrupt request bit is set to “1” when receiving of one byte 
completes and the data is transferred from the receive register to the receive buffer register. 

To uSe the receive interrupt, the interrupt priority level in the UARTi receive interrupt control register 
must be set to 1 or greater before an interrupt occurs. In addition, the interrupt disable flag must be 
cleared to “0”. (See “Section 2.6 interrupts” for more information on interrupt enable conditions.) The 
receive interrupt request flag is cleared when an interrupt is accepted. It can also be cleared from 
a program. | 
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2.9.5 Clock asynchronous serial I/O (UART) 
(1)UART description 
Table 2.9.5 shows the serial I/O characteristics in UART mode. 


Table 2.9.5 UART Description 


Parameter Function 
Data format (| Start bit. = it 
| Data bit (character length) |7 bits, 8 bits, or 9 bits 
Parity bit = ~—~—~—~——_—«*[O bit or 1 bit (odd or even selectable 
Stop bit it or 2 bit 
Baud rate |Internal clock =—~—~—_—sS&W| BRG _output/16 
External clock 125Kbps maximum (8MHz version) 
250Kbps maximum (16MHz version) 
Error detection 4 types (overrun, parity, framing, error sum) 


(Error sum can be used to check existence of error.) 


In UART mode the baud rate and the data format must be set beforehand. The setting of the baud rate 
and the transfer format are described below. 


(2)Transmission rate 

The serial data transfer rate is determined by the baud rate (frequency of the clock used for 
transmission and receive). With the M37700, the baud rate is set by the BRG. The BRG is a frequency 
divider that consists of 8 bits. The BRG input clock can be either an internal clock or an external clock 
input to the CLK pin depending on the internal/external clock selection bit. | 
When an internal clock is selected, 1/2, 1/16, 1/64, or 1/512 of the f(xin) is selected with the count 
source selection bit. When an external clock is selected, the clock input from the CLK pin is input to 
the BRG. 

The clock input to BRG is divided by (n+1) and then by 16 to obtain the baud rate. 


Table 2.9.6 Baud Rate Selection Table 


Baud Rate (bps) Selected Value set in BRG register 
Rated | clock f(Xin)=8MHz f(Xin)=16MHz 







































































75 12 (OC) | 25 (1916) 
110 110.04 fea 70 (4616) | 141( 8Die) 
134.5 134.70 fos 57 (3916) 115 (7316) 
150 fea at 51 (3316) ts 103 (6716) 
300 fea 25 (1916) 51 (3316) 
600 ia | 12 (0C16) | 25 (1916) 
1200 fhe 25 (1916) ca 51 (3316) 
2400 fie 12 (OCi6) | 25 (1916) 
4800 4807.69 fo 51 (3316) 103( 6716) 
9600 9615.39 fo 25 (1916) 51 (3316) 
19200 19230.77 fe 12 (OCs) 25 (1916) 
31250 31250.00 fe 7 (0716) 15 (OF ie) 
62500 (0316) 7 (0716) 
125000 fo (0116) 3 (0316) 
250000 fe (0016) 1 (0116) 
500000 fo 0 (0016 
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(3) Transfer format 
The format of the transfer data is set in the UARTi transmit/receive mode register. 
In M37700 UART mode, data can be transferred in the following modes. 


DATA | 
st | PAR sp 
UART mode (Start bit) Gow aN) Parity bit) (Stop bit) 
character 


7-bit VART mode 


4 
Cp) 
=| 


— 
Y” 
= 


awd, 
‘6 p) 
cal 


8-bit UART mode 


U U 

> > 

me) me) 
— NO —_ he) —_ Po _ 
2) ” Y ep) 2 ep) ep) 
U U U U U U U 


9-bit UART mode 





Fig.2.9.15 Data Format 


Example of | 8-bit UART mode 8DATA {PAR 


The next transfer data 
; _ (during continuous output) 
See «CMansicl ddd. ee 


ia SG ee 





Fig.2.9.16 Data Format Example 
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Table 2.9.7 Transfer Data in UART Mode 


Item Function 
ST This bit indicates the start of data transmission. A 1 bit “L” signal is appended in 
(Start bit) | front of the transmission data. 
DATA This is the transmission data written in the transmission buffer register. 
(Character) 
SP This bit appends after the data (or after the parity bit if it is included) to indicate 
(Stop bit) the end of transmission. An 1 or 2 bit “H” signal is output as a stop bit. 
PAR This bit appends to the end of data to indicate the data parity. This bit is appended 
(Parity bit) so that the number of 1s in the data including the parity bit is always even or odd. 
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(4)Serial data transmission 
The UART mode data transmission method is described below. 


[Setting control registers] 
Set each serial I/O control register for transmission. 


@Transmit/receive mode register 
*Set operation mode. 
-Select the data length with the serial 1/O mode selection bits. 
-Set transfer format. 
Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled. 
-Set baud rate. 
Select whether to use an internal clock (“0”) or external clock (“1”) as the BRG count source with 
the clock selection bit. : 
-Enable/disable sleep mode. 
(See “2.9.5 (6) Sleep mode” for detail information concerning sleep mode.) 


@Transmit/receive control register 0 
«Select CTS/RTS function 
CTS is used when externally controlling the start of serial data transmission. One of the conditions 
of starting transmission is setting the CTS pin to “L” when using the CTS function. 


@Transmit/receive control register 1 
‘Set the transmission enable flag to “1”. 
After initializing the control registers for transmission, write the data to be transmitted in the low- 
order byte of the transmit buffer register in 7-bit or 8-bit UART mode. In 9-bit UART mode, write 
the data into the high-order 1 bit and the low-order 1 byte of the transmit buffer register. When 
the data is written, the transmission buffer register empty flag becomes “0”. 
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b7 b6 b5 b4 »b3 ~b2 Obi bd 
UARTO transmit/receive mode register (Address 30:6) 
UART1 transmit/receive mode register (Address 3816) 
Ed! Serial I/O mode selection bits 


| 


Oo 
i 
cl 


7-bit VART 
8-bit UVART 
9-bit UART 


1 


Stop bit length selection bit (in UART mode) 
One stop bit 


Two stop bits 


Odd/even parity selection bit (in UART mode) 
Odd parity 
Even parity 


1 


Parity enable bit (in UART mode) 
Parity disabled 
Parity enabled 


Sleep function selection bit (in UART mode) 
Sleep function disabled 


1 Sleep function enabled 













UARTO transmit/receive control register 0 (Address 3416) 
UART1 transmit/receive control register 0 (Address 3Ci6) 





CTS/RTS selection bit 


tO Select CTS 
Select RTS 


UARTO transmit/receive control register 1 (Address 3516) 
UART1 transmit/receive control register 1 (Address 3Dis) 


Transmission enable flag 
Transmission enable 


b7 b6 bS5 b4 b3 b2 Obi b0 






Fig.2.9.17 Setting the Control Registers 
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[Transmit operation] 


The only difference between 7-bit UART, 8-bit UART, and 9-bit UART is the length of the transmitted 
data.The low-order byte of the transmssiont buffer register is used for 7-bit and 8-bit UART and the 


low-order byte and bit 0 of the high-order byte is used for 9-bit UART. 


The transmission of serial data starts when the following conditions are satisfied. 


@Transmission is enabled (transmission enable flag is “1”) 
@Transmit data is available in the transmission buffer (transmission buffer empty flag is “O”) 
@CTS pin input level is “L” 

(Note: This condition is ignored if the CTS function is not selected.) 


When the above three conditions are satisfied (two if CTS function is not selected), the content of 
the transmission buffer register is transferred to the transmission register and data transmission 
starts from the TxD pin. At this point, bit 1 of the transmit/receive control register 1 (transmission - 
buffer empty flag) is set to “1” and bit 3 of the transmit/receive control register 0 (transmission 
register empty flag) is cleared to “O”. 

When transmission starts, data is output from the TxD pin in the format specified by the transmit/ 
receive mode register. The data is output bit by bit in the order; 

ST—DATA(LSB)->...—DATA(MSB)—>PAR-SP. 


After the stop bit has been output, the transmission register empty flag is set to “1” to indicate that 
the transmission has completed. If the next data is available when transmission completes, a start 
bit is generated following the stop bit and the next data is transmitted. In order to continuously 
transfer data, the next transmission data should be written in the transmission buffer register during 
the transmit operation (when the transmission register empty flag is “O”). If the transmit condition for 
the next data is not satisfied, “H” level is output from the TxD pin. 


[Transmission interrupt] 

The transmission interrupt request bit is set to “1” when the content of the transmission buffer is 
transferred to the transmission register. To use the transmission interrupt, the interrupt priority level 
in the UARTi transmission interrupt control register must be set to 1 or greater before an interrupt 
occurs. In addition, the interrupt disable flag must be cleared to “0”. (See “Section 2.6 interrupts” for 
more information on interrupt enabling conditions.) The transmission interrupt request flag is cleared 
when an interrupt is accepted. It can also be cleared from a program. 
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—»|  /—(1/fior 1/Mext) x (n+1) x 16 


Transmission 
clock 


Transmit 


enable flag 


a t Write in transmission buffer 
Transmission register 


buffer empty 
flag Transmission register 

aoe «Transmission buffer register 

CTSi 


TENDi 


Start bit nae “EP ¥ Stop because TEi="0" 


TxD TOO COO COOGAN 0 0.0.0,0.0.0,0 OLmM OOS 


Transmission 


register | | | | | 


empty flag 
fi: Selected internal clock frequency 
fext: Selected external clock frequency 
TEi: Transmission enable flag 
Teno: Check next transmit condition when this signal level becomes “H” 
(Teno iS an internal signal and cannot be observed externally.) 
Fig.2.9.18 8-bit UART Transmission Timing Example (with parity and 1 stop bit) 





—>| K— (1 / fior 1/fext) x (n+1) x 16 


Transmit 
clock 


Transmission 
enable flag —_ a 
eh Write in transmission buffer 
Transmission register 
buffer empty 
flag 


Transmission register 
—— «Transmission buffer register 
CTSi 


TENDi 


Start bit ig ag aa because TE="0” 


TxDi si (KB XONEXBEX DIXON EYEr =A\ 1K BY BXOEN BANOO MONEE SOX?) 


Transmission 


register | | | | | 


empty flag 


fi: Selected internal clock frequency 

fext: Selected external clock frequency 

TEi: Transmission enable flag 

Teno: Check next transmit condition when this signal level becomes “H” 
(Teno is an internal signal and cannot be observed externally.) 





Fig.2.9.19 9-bit UART Transmission Timing Example (no parity and 2 stop bits) 
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(5)Receiving serial data 
The UART mode data receiving method is described below. 


[Setting control registers] 


@Transmit/receive mode register 
Match the format with the transmitting side. 
*-Set operation mode. 
Select the data length with the serial I/O mode selection bits. . 
*Set transfer format. 
Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled. 
‘Set baud rate. 
Select whether to use an internal clock (“0”) or external clock (“1”) as the BRG count source with 
the clock selection bit. | 
*Enable/disable sleep mode. 
(See “2.9.5 (6) Sleep mode” for detail information concerning sleep mode.) 


@Transmit/receive control register 0 
-Select CTS/RTS function. 
CTS/RTS selection bit 
“0”: CTS function selected 
“14”: RTS function selected 
The RTS function is used to indicate externally that data can be received. 


@Transmit/receive control register 1 
-Set the receive enable flag to “1” (receive enabled). 


[Receive operation] (when using an external clock) 

Serial data receive is enabled by setting the receive enable flag to “1”. When the receive enable flag 
is set to “1”, the RTS pin level becomes “L” to indicate externally that the microprocessor is ready 
to receive serial data (when RTS function is selected). The transmit and receive timing can be 
synchronized by connecting the RTS output to the CTS pin on the transmit side. 

When the RxD pin detects a start bit, a receive clock is generated and data receive starts. At the 
same time the RTS pin level returns to “H”. The RxD pin level is received in the receive register at 
the rising edge of the receive clock and the content of the receive register is shifted 1 bit to the right. 
This operation is repeated to receive the entire data from ST to SP. Then the content of the receive 
register is transferred to the receive buffer register. At the same time the receive completion flag and 
the receive interrupt request bit are set. The receive completion flag is cleared when the receive 
buffer register is read. 

When receiving data continuously, an overrun error occurs and bit 4 of the UART control register 
1 (overrun error flag) is set if the next receive data becomes available in the receive register while 
the receive completion flag is “1” (before reading the content of the receive buffer register). In this 
case, the next data is written in the receive buffer register. Therefore, if an overrun occurs, the — 
transmit and receive programs must make arrangements to re-transmit the data. 


[Receive interrupt] 

A receive interrupt occurs and the receive interrupt request bit is set to “1” when a stop bit indicating 
the end of data is detected. 

To use the receive interrupt, the interrupt priority level in the UARTi receive interrupt control register 
must be set to 1 or greater before an interrupt occurs. In addition, the interrupt disable flag must 
be cleared to “O”. (See “Section 2.6 interrupts” for more information on interrupt enable conditions.) 
The receive interrupt request flag is cleared when an interrupt is accepted. It can also be cleared 
from a program. | 
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b7 b6 b5 b4 b3 b2 bt b0 
UARTO transmit/receive mode register (Address 3016) 
UART1 transmit/receive mode register (Address 3816) 
Zs Serial I/O mode selection bits 
b2|ot joo] Mode 
}1.] 00] 7-bit UART 


A 
GPa fo stun 


Stop bit length selection bit (in UART mode) ° 


One stop bit 


— 


Two stop bits 


Odd/even parity selection bit (in UART mode) 
Odd parity 
Even parity 


Parity enable bit (in UART mode) 
Parity disabled 
Parity enabled 


pee 


Sleep function selection bit (in UART mode) 
Sleep function disabled 


Sleep function enabled 


UARTO transmit/receive control register 0 (Address 3416) 
UART1 transmit/receive control register 0 (Address 3Cis) 














CTS/RTS selection bit 


}O- Select CTS 
Select RTS 


UARTO transmit/receive control register 1 (Address 3516) 
UART1 transmit/receive control register 1 (Address 3Die) 


Receive enable flag 





b7 b6 bd5 b4 b3 b2 Ob1~ 4b0 






Fig.2.9.20 Setting the Control Registers 
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[Error flag] 

During UART mode operation, transmission data errors can be detected using four error flags. These 
errors are detected when transferring data from the receive register to the receive buffer register. 
The error flags are cleared when the low-order byte of the receive buffer register is read or when 
the receive enable flag is set to “QO”. 


@Overrun error 
An overrun error occurs and the overrun error flag is set to “1” when the next receive data 
becomes available before the content of the receive buffer register is read. 


@Framing error 
A framing error occurs and the framing error flag is set to “1” when there is insufficient number 
of stop bits. 


@Parity error | 
A parity error occurs and the parity error flag is set to “1” when parity checking is enabled and the 
number of 1s in the data including the parity bit conflicts with the parity specified by bit 5 of the 
UARTi transmit/receive mode register. 


@Sum error 
The error sum flag is set to “1” when either an overrun error, a framing error, or a parity error 
occurs. The existence of errors can be determined by checking the error sum flag. 


Selected 
internal clock 
or 

external clock 
Receive 
enable flag 


RxDi 


Receive clock 


Start at the rising edge of start bit 


Receive 
completion 
flag 


RTSi | | 


Fig.2.9.21 8-bit UART Receive Timing Example (no parity and 1 stop bit) 
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(6) Sleep mode 

Sleep mode is used for communication between certain computers when multiple microcomputers are 
connected through serial 1/O. 

Sleep mode is entered by setting the UARTi transmit/receive mode register bit 7 to “1”. In sleep mode, 
the content of the receive register is not transferred to the receive buffer register when the most 
significant bit (bit 7 if 8-bit UART mode, bit 6 if 7-bit UART mode, and bit 8 if 9-bit UART mode) of 
the received data is “0”. In this case, the receive completion flag and the error flags remain unchanged 
and no receive interrupt occurs. Normal receive operation is performed only when the most significant 
bit of the received data is “1”. 

The following is a description of sleep mode usage in 8-bit UART mode. The main ibieCoraDUIe first 
sends a data with bit 7 set to “1” and the remaining bits 0~6 forming the address of the destination 
microcomputer. Then all subordinate microcomputers receive the same data. Each subordinate 
microcomputer checks the received data and sets the sleep selection bit to “O” if the address matches 
its own address and to “1” if otherwise. Next the main microcomputer starts sending data with bit 7 
set to “0”. Then only the microcomputer with the sleep selection bit set to “O” will receive this data. This 
enables communication between the main microcomputer and a specific subordinate microcomputer. 


O98 88 8 8 OS O88 Oe OS 8 OOS SESS RSS SS 2282S Se S2e8e 258822 





microcomputer 
A 


microcomputer 
B 


microcomputer 
D 





Fig.2.9.22 Sleep Mode 
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2.10 A-D Converter 


2.10.1 A-D converter description 
Table 2.10.1 describes the characteristics of the A-D converter and Figure 2.10.1 show its block diagram. 


Table 2.10.1 A-D Converter Characteristics 


Parameter | Description — 
Analogi Input pin 8 pins (ANo to AN7) 
A-D conversion mode One-shot mode 


Repeat mode 
Single sweep mode 
Repeat sweep mode 











A-D conversion method Successive approximation 

Resolution 8 bits 

Absolute accurac +3 LSB 

Conversion speed 57gan cycles, @ao: A-D converter operating clock (for 1 analog input pin) 


The M37700 A-D converter provides the following four A-D conversion modes. 


@One-shot mode 
The input voltage to the selected analog input pin is converted. After conversion, the result is stored 
in the corresponding A-D register and an A-D conversion interrupt is occurred. 


@Repeat mode 
The input voltage to the selected analog input pin is repeatedly converted. The results are stored in 
the corresponding A-D register, but no A-D conversion interrupt is occurred. 


@Single sweep mode | 
Inputs to analog input pins ANo, AN:,...AN7 are converted in this order and an A-D conversion 
interrupt is occurred when conversion of AN7 completes. The result is stored in the corresponding A- 
D register when each pin is converted. © | 


@Repeat sweep mode 


This is similar to single sweep mode except that conversion is repeated without occurring an interrupt 
after converting the AN7 pin. 
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Vrer OC Resistance 
AVss @ ladder 


Successive approximation 
register A-D control register 


(Address 1E16) 
A-D register 2 (Address2416) 
A-D register 5 (Address2Ai6) 


Comparator 


. Data Bus (even) 


_ ANe 
AN7/ADtre & 


Selector 





Fig.2.10.1 A-D Converter Block Diagram 


119 


CHAPTER 2.FUNCTIONAL DESCRIPTION 





2.10.2 Block description 


(1)A-D control register 
The A-D control register is used to control the A-D converter. 


b2 bi 


b4 
PPT t?ti fii A-D control register (Address 1E1s) 


Analog input selection bits 


ero] Selec po 
fofo [0 [Sect ANS 
ro[o]*[Setectan 
/1 | 0 | Select ANe 

Select ANs 

Lor }0: Select ANa 

0] 4 | Select ANs 

1] 0) Select ANe 

Select AN7 (Note 


A-D mode selection bits 


ys 
~~ 





i, 


A-D conversion mode 
One-shot mode 
1 | Repeat mode 
Single sweep mode 


1 | Repeat sweep mode 





FIBERS 
oO 
Ee ae 


Trigger selection bit 


oftware trigger (internal trigger 





Ea 
Hit 


Drre input trigger (external trigger 


A-D conversion start flag 


Stop A-D conversion 


1 | Start A-D conversion 


A-D conversion frequency (gap) selection flag 


Os Select f(Xin)/8 
ar Select f(xXin)/4 


Note: If an external trigger is used, pin AN7 cannot be used as analog voltage input pin. 


Fig.2.10.2 A-D Control Register Bit Configuration 
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@Analog input selection bits 
This bit is used to select the analog input pin in one-shot mode and repeat mode. These bits are 
ignored in other modes. 


Precautions when selecting analog pin 

The analog input pin is in common with programmable I/O port P7. Therefore, when using a pin as 
analog input pin and ADrtac input pin, the corresponding bit in the port 7 data direction register must 
be set to “0” (input mode). Note that pin AN7 cannot be used as analog input pin when using an 
external trigger. 





@A-D mode selection bits 
The A-D mode selection bits are used to select among the four A-D conversion modes. 
Table 2.10.2 A-D Mode Selection Bit 


b4 A-D mode selection bit 


0 a One-shot mode 
0 = Repeat mode 
1 
1 








Single sweep mode 
; Repeat sweep mode 








@Trigger selection bit 
An A-D conversion operation is started by a trigger. The trigger selection bit is used to select 
between an internal trigger and an external trigger. An internal trigger (software trigger) is selected 
when this bit is “O” and an external trigger (ADtra pin input signal) is selected when this bit is “1”. 





<Internal trigger> 
A trigger is generated and A-D conversion starts when bit 6 (A-D conversion start flag) of the A- 
D control register is set to “1”. 


<External trigger> 

A trigger is generated when the signal input to the ADtac pin changes from “H” to “L” (falling edge) 
while the A-D conversion start flag is “1”. When an external trigger is selected, a retrigger can be 
available during A-D conversion. In this case, the conversion is repeated from the beginning. 


Precautions when using an external trigger 

The ADtrace pin is common with pin P77/AN7. Therefore, the AN7 pin cannot be used as analog input 
pin when external trigger is selected in one-shot mode or repeat mode. In addition, when external 
trigger is selected, the data direction register bit (bit 7 at address 1116) for the P77 pin must be set 
to input mode (“0”). 





@A-D conversion start flag 
The A-D conversion start flag can be used to start or stop A-D conversion. 


<Internal trigger> 

An internal trigger is generated and A-D conversion starts when the A-D conversion start flag is set 
to “1”. A-D conversion stops when it is cleared to “0”. This bit is automatically cleared after A-D 
conversion in one-shot mode and single sweep mode. It is not cleared in other modes. 


<External trigger> | 
The A-D conversion start flag must be set to “1” before generating an external trigger. If external 


trigger is selected, this flag is not cleared after conversion. ; 
f 
f/f, — | 
(Add- 1F i ] 


PDX TREN taeeete ok serene mm 


4 


Nas (tats Tae freer 
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@A-D conversion Frequency (9ap) selection flag | | | 
This flag is used to select the A-D converter operating frequency (Gap). When this flag is “0”, the 
clock frequency f(Xin) divided by 8 is selected. When this flag is “1”, the clock frequency f(xin) divided 
by 4 is selected. 
In one-shot mode and repeat mode, A-D conversion completes after 57 x @apv cycles from the 
beginning of A-D conversion. In single-sweep and repeat sweep mode, A-D conversion of the AN7 
pin completes after 456 x gap cycles from the beginning of A-D conversion. 


Table 2.10.3 A-D Converter Operation Frequency and Conversion Time 


A-D converter operating clock @ ap=f(Xin)/8 @ ap=f(Xin)/4 
Conversion time (Note)} f(xin)j=8MHz 57.0us 28.5us 


f(Xin)=16MHz 28.5us 14.25us 
Note: Conversion time per analog input pin | 


Precautions when selecting ap | 
The A-D converter operating clock @av during A-D conversion must be no less than 250kHz because 
the comparator in the A-D conversion circuit consists of capacity coupling amplifiers. 


(2) A-D register i (i=0 to 7) 
The A-D registers are 8-bit read only registers. The conversion results are stored in these registers. 
There are eight A-D registers numbered from 0 to 7 with each corresponding to an analog input pin. 
The content of the A-D register can be read during A-D conversion. However, if the A-D register 
corresponding to the analog pin being converted is read, the previous conversion result is obtained. 


Table 2.10.4 Combination between Analog Input Pin and Register Containing the Result 


Analog input pin Address 
ANo 2016 
AN: 2216 
AN2 246 
ANs 2616 
ANs 2816 
ANs 2Ar6 
AN? A-D register 7 2E16 
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(3)Comparator and successive approximation register 
When A-D conversion is triggered, the following operation starts and an analog value is converted 
to a digital value. | | 


@MInitialization of Successive approximation register 
The successive approximation register is cleared to “OO16” 


@Setting the most significant bit (bit 7) 
The successive approximation register bit 7 is set to “1”. Then the reference voltage Vret is 
compared with the input voltage Vin and bit 7 changes as follows: 


Unchanged if Vret < Vin 
Cleared to “O” if Vret > Vin 


Note : The compare reference voltage Vret depends on the value in the successive approximation 
register. Table 2.10.5 shows the relationship between Vret and the value in the successive 
approximation register. 


Step @ above is repeated for all bits from bit 7 to bit 0 and the value in the successive approximation 
register (digital equivalent of the analog input voltage) is stored in the A-D register when comparison 
of bit 0 completes. 


Table 2.10.5 Relationship between the Content of the Successive Approximation Register and Veer 
Content of successive approximation register | 0 | 1~255 
Comparison reference voltage Vrer (V) Vrer/256 x (n-0.5) 
n is the content of the successive 
approximation register 


Table 2.10.6 Change in Successive Approximation Register and Compare Voltage During A-D Conversion 


PF  fSuccessive approximation register Compare voltage Vrer 


b7 


b0 
Conversion start ee eee) 
First comparison BORO 
Second comparison Bees 








1st comparison result 


Thi comparison T=] To To Toyo To! 
: 2nd comparison result 
oo 
= 
oa 
[ me | 


Eighth comparison Ga Sea 
Conversion end Cac Me ee 
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2.10.3 A-D conversion mode operation 

Four different A-D conversion modes can be selected with A-D mode selection bits. In each mode, the 
trigger selection bit is used to determine whether to use a software trigger (internal trigger) or an 
external input signal (external trigger). 

Each conversion mode is described below for case using an internal trigger and an external trigger. 


(1)One-shot mode [00]* 


The input voltage to the analog input pin selected with the analog input pin selection bit of the A- 
D control register is converted and an A-D conversion interrupt is generated when conversion 
completes. In this mode, the analog input pin must be selected before the A-D conversion trigger. 
The pins not used as analog input pin can be used as normal I/O ports. 


@When an internal trigger is used to start A-D conversion 
When the A-D start flag is set to “1”, an internal trigger is generated and A-D conversion starts. 
After 57 cycles of @av, A-D conversion ends, the content of the successive approximation register 
(converted result) is transferred to the A-D register, and the A-D interrupt request bit is set to “1” 
(+ generate A-D interrupt request). Then the A-D start flag is cleared to “O” and A-D converter 
stops. 


@When an external trigger is used to start A-D conversion 
A-D conversion starts when the A-D start flag is set to “1” and the input level of the ADrtre pin 
changes from “H” to “L” (— external trigger). When A-D conversion completes after 57 cycles of 
gan, the content of the successive approximation register (converted result) is transferred to the 
A-D register and the A-D interrupt request bit is set to “1” (— generate A-D interrupt request). At 
this point, the A-D start flag is not cleared and A-D conversion can be repeated by generating 
- another trigger. A trigger can also be generated during A-D conversion. 


Precautions when using an external trigger 
When an external trigger is selected, the AN7 pin must not be selected as an analog input pin 
because it is used as the trigger input pin (ADtrc) to the A-D converter. 





(2)Repeat mode [01]* 


In this mode, the input voltage to the analog input pin selected with the analog input selection bit 
of the A-D control register is repeatedly converted. No interrupt request is generated and the A-D 
conversion flag is not cleared. The conversion of the selected pin is repeated while the A-D start 
flag is “1”. The A-D conversion result can be read at any time. In this mode, the analog input pin 
must be selected before the A-D trigger is received. Pins not used as analog input pin can be used 
as normal I/O ports. 


@When an internal trigger is used to start A-D conversion 
When the A-D start flag is set to “1”, an internal trigger is generated and A-D conversion starts. 
Each time a conversion is completed, the content of the successive approximation register 
(converted result) is transferred to the A-D register. The A-D converter does not stop at this point 
and conversion is repeated. 


@When an external trigger is used to start A-D conversion 
A-D conversion starts when the A-D start flag is set to “1” and the ADtra pin input level changes 
from “H” to “L” (> external trigger). When A-D conversion completes, the content of the successive 
approximation register (conversion result) is transferred to the A-D register. The A-D converter 
does not stop at this point and conversion is repeated. 





Precautions when using an external trigger | 
When an external trigger is selected, the AN7 pin cannot be used as analog input pin because it 
is used as the trigger input pin (ADtrac) to the A-D converter. 
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(3)Single sweep mode [10]* 


In this mode, inputs from pins ANo to AN? are converted and the results are stored in the respective 
A-D register. An A-D interrupt occurs when the result of converting pin AN7 is stored in the A-D 
register. In this mode, the data direction register for port P7 must be set to “OO16” (input mode) 
before an A-D trigger is received. 


@When an internal trigger is used to start A-D conversion 
When the A-D start flag is set to “1”, an internal trigger is generated and A-D conversion of pin 
ANo starts. When conversion of pin ANo ends, the result is stored in A-D register 0. Then pin AN: 
is converted and the result is stored in A-D register 1. This is repeated up to pin AN7. When the 
result of converting pin AN7 is stored in A-D register 7, the A-D interrupt request bit is set to “1” 
(— generate A-D interrupt request). At this point the A-D start flag is cleared and the A-D converter 
stops. 


@When an external trigger is used to start A-D conversion 
Pins ANo to AN7 are converted when the A-D start flag is set to “1” and the ADrtrc pin input level 
changes from “H” to “L” (> external trigger). The result is stored in the corresponding A-D register 
each time a pin is converted and an A-D interrupt request bit is set to “1” when conversion of pin 
AN7 completes. At this point the A-D start flag is not cleared to “0”. Therefore, conversion can be 
repeated from pin ANo by generating another trigger. A trigger can also be generated during A- 
D conversion. 


Precautions when using an external trigger 
When an external trigger is selected, the result of converting the trigger input is stored in A-D 
register 7 because pin AWN7 is used as the trigger input pin (ADtrc) to the A-D converter. 





(4)Repeat sweep mode [11]* 


r 


Inputs from pins ANo to AN7 are converted and sloréd in the respective A-D register as with single 
sweep mode. However, conversion does not stop after converting all pins. Instead, it is repeated 
from pin ANo. In this mode, the data direction register of port P7 must be set to “OOi6” (input mode) 
before the A-D trigger is received. 


@When an internal trigger is used to start A-D conversion 
When the A-D start flag is set to “1”, an internal trigger is generated and A-D conversion starts. 
The content of the successive approximation register (Conversion result) is transferred to the A- 
D register each time a pin (ANo to AN7) is converted. This is repeated until the A-D start flag is 
cleared to “O”. 


@When an external trigger is used to start A-D conversion 
A-D conversion starts when the A-D start flag is set to “1” and the ADrac pin input level changes 
from “H” to “L” (— external trigger). The content of the successive approximation register 
(conversion result) is transferred to the A-D register each time a pin (ANo to AN7) is converted. 
Conversion is repeated until the A-D start flag is cleared to “O”. 





Precautions when using an external trigger 
When an external trigger is used, the result of converting the trigger input is stored in A-D register 
7 because the AWN7 pin is used as the trigger input pin (ADtrc) to the A-D converter. 





The numbers in brackets are the contents of the A-D mode selection bits. 
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2.11 Watchdog Timer 


2.11.1 Watchdog timer description 

The watchdog timer is a 12-bit timer that is used to detected unexpected execution sequence caused 
by software run-away. It is also used to stabilize the oscillator when returning from a STP instruction. 
Figure 2.11.1 shows a block diagram of the watchdog timer. 


Frequency Selection (forced to fsz during STP instruction execution) 


fs2 ———O 
O 


fs12 ———O 


Watchdog timer 


Hold (Address 6016) 


Write to watchdog timer 


RESET © 





Fig.2.11.1 Watchdog Timer Block Diagram 
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2.11.2 Operation description 

The watchdog timer consists of 12 bits and its content is decremented (—1) each time the clock selected 
with the watchdog timer frequency selection bit is input to the watchdog timer. The watchdog timer 
frequency selection bit is assigned to bit 0 at address 6116 and fsi2 (Source oscillating frequency f(Xin)/ 
512) is selected as the watchdog timer count source after a reset. Thereafter, it can also be set to fs2 
(source oscillating frequency f(xXin)/32) by changing the watchdog timer frequency selection flag by 
program. 

When there is a reset, “FFFie” is set in the watchdog timer. Then the count source fs12 is counted. The 
content of the watchdog timer is decremented each time a clock is input. An interrupt is raised when 
the most significant bit of the watchdog timer becomes “0” after 2048 counts. A watchdog timer interrupt 
is a non-maskable interrupt with the highest priority. 

An arbitrary value cannot be set in the watchdog timer. A value “FFFie” is automatically set in the 
watchdog timer when there is a reset, when an STP instruction is executed, or when a dummy data is 
written in the watchdog timer (address 6016). Address 6016 is a write only register and its content cannot 
be read. 

In order to stop the watchdog timer (disable its function), a voltage twice the Vcc voltage must be 
applied to the RESET pin. During this time, the watchdog timer stops with “FFFis” set. Also, while the 
HOLD pin is “L” level (hold state) in memory expansion or microprocessor mode, the watchdog timer 
goes into a hold state and clock input to the watchdog timer is prohibited. 

In addition to detecting program run-away, the watchdog timer is also used as a return timer from a stop 
mode (halting of oscillating circuit with the STP instruction). When a STP instruction is executed, the 
watchdog timer count Source is forced to fsz2 and “FFFie” is set in the watchdog timer. Then when the 
watchdog timer is started with an external interrupt, a watchdog timer interrupt occurs and an internal 
clock @ is supplied. This is because some time is required for the oscillator to stabilize. See "Section 
4.2 Clock Generation Circuit” for more detail concerning the stop mode. 





Watchdog timer frequency selection flag 
(Address 6116) 


Watchdog timer frequency selection flag 


Ea Select fsi2 
Select fs 


Note : Bits 1 to 7 are undefined. 





Fig.2.11.2 Watchdog Timer Frequency Selection Flag 


2.11.3 Watchdog timer usage 

When using the watchdog timer to detect program run-away, the program must write to the watchdog 
timer before its most significant bit becomes “0”. Then if this code is not executed due to program run- 
away, the most significant bit of the watchdog timer becomes “OQ” and an interrupt occurs. Thereafter, 
the control should be passed to the interrupt service routine. 

To restart from reset after detecting a program run-away, bit 3 of the processor mode register (software 
reset bit) must be set to “1” in the watchdog timer interrupt service routine. In this way, a run-way 
program can be automatically reset and returned to normal routine. 
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3.1 Reset 


3.1.1 Reset operation 

The CPU is reset when “L” level is applied to the RESET pin when the supply voltage is 5V4+10%. The 
reset is deactivated and a program starts from address formed by using the contents at bank 0 address 
FFFFie as the high-order address and address FFFEi« as the low-order address, when the RESET pin 
is returned to “H” level after “L” input is applied for a sufficient duration (approximately .10ms) that is 
the oscillator requires time to stabilize such as when cancelling stop mode with a STP instruction. 








(1) Single-chip mode and memory expansion mode 


CPU clock 


OcPu 


High-order 8 


its of the © 
CPU internal 


address Ap 


Low-order 16 


bits of the CPU 


address AHAL 


CPU internal @ nex 
PL, vecto Not Not xt 


(2) Microprocessor mode 


CPU clock 
@cpeu 


High-order 8 
its of the 
CPU internal 
address Ap 


address AHAL 
CPU internal The nex! 
aX ame a = 





Fig.3.1.1 Internal Processing Sequence After a Reset 





130 
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3.1.2 Internal status at a reset 
Figure 3.1.2 (a) to (c) show the contents of internal registers immediately at a reset. 


Register contents 
Address 


aS 
@ 


00 i6 Port PO data direction register 


Port P1 data direction register 


© 
D 


bly 
ip) 


00 16 Port P2 data direction register 


\<e) 
o 


Port P3 data direction register 





© 
o 


Port P4 data direction register 


oO 
m 


Port P5 data direction register 
1016 Port P6 data direction register 
1116 00 16 Port P7 data direction register 


1416 Port P8 data direction register 


1E16 ? 2 | A-D control register 


E 


3016 


3416 : 


© 
Oo 
aA 
+ " 





UARTO transmit/receive mode register 


UARTO transmit/receive control register 0 


3516 pO ;O;/0;/0;/0/0/1— UARTO transmit/receive control register 1 


3816 00 i6 UART1 transmit/receive mode register 


3Ci16 : 





UART1 transmit/receive control register 0 


3Di6 -O}/0};0/0};0]/0]1, UART1 transmit/receive control register 1 


A0t6 00 16 Counter start flag 


4216 One-shot start flag 





4416 Up-down flag 
5616 00 i6 Timer AO mode register 


5716 00 i6 Timer A1 mode register 


5816 00 16 7 Timer A2 mode register 


Fig.3.1.2 (a) Internal Status at a Reset 
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Register contents 
Address 








6lie £ 
7016 § 
710 
7216 | 
7316 5 
7516 [ 
76:6 | 
77 f 
78:6 | 
1916 
7Ave | 
78:6 | 
7Die £ 


7E16 


7Fie E 





Fig.3.1.2 (b) Internal Status at a Reset 
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Timer A3 mode register 

Timer A4 mode register 

Timer BO mode register 

Timer B1 mode register 

Timer B2 mode register 

Processor mode register 

Watchdog timer (Note 1) 

Watchdog timer frequency selection flag 
A-D conversion interrupt control register 
UARTO transmit interrupt control register 
UARTO receive interrupt control register 
UART1 transmit interrupt control register 
UART1 receive interrupt control register 
Timer AO interrupt control register 
Timer A1 interrupt control register 
Timer A2 interrupt control register 
Timer A3 interrupt control register 
Timer A4 interrupt control register 
Timer BO interrupt control register 
Timer B1 interrupt control register 
Timer B2 interrupt control register 


INTO interrupt control register 


INT1 interrupt control register 


INT2 interrupt control register 


3.1 Reset 


Register contents 


00 16 Program bank register PG 


Contents of address FFFF16 Program counter (high-order) PCu 


Contents of address FFFEte Program counter (low-order) PC 


00 16 Data bank register DT 
Direct page register (high-order) DPRu 


00 16 Direct page register (low-order) DPRi 


bi0 b9 b8 b7 b6 bS5 b4 b3 b2 bi b0 


Processor status register PS 
7 C (High-order 4 bits are 0 when read) 


Undefined at a reset. 


Not allocated and undefined at a reset 
(Note:Port P3 direction register bit 4 is “O” when 
read.) 


Note 1.Watchdog timer is set to FFie at the reset. 
Note 2.The contents of registers and RAM other than those described in Figure 3.1.2 are undefined a 
a reset is deactivated. 


Fig.3.1.2 (c) Internal Status at a Reset 
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3.2 Reset circuit 

The reset circuit must be designed so that the reset input vonage drops below 0.9V when the source 
voltage reaches 4.5V as shown in Figure 3.2.1. 

Figure 3.2.2 shows an example of power-on reset circuit using a system reset IC M51957AL. 


Pa Power-on 


Source voltage 


Reset input 





Fig.3.2.1 Power-on Reset Condition 


= 
O1 
sock, 
co 
OF 
“I 
> 
re" 


dAXXX-clNOOZZEIN 





Fig.3.2.2 Power-on Reset Circuit Example 
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3.3 Software reset 
The M37700 can be reset internally with a program. This is done by setting the processor mode register 
bit 3 to “1’. Figure 3.3.1 shows the bit configuration of the processor mode register. 


b7 b6é b5 b4 b3 b2 Ob1~ b0 


| fof} Ff J | ff. Processor Mode Register (Address 5E16) 
= Processor mode bits 


Single-chip mode 


oO 


Memory expansion mode 
Microprocessor mode 


This connot be avaolable 


Wait bit 


Wait during external access 


No wait 


Software reset bit 


Software reset activated by writing “1” 


1 


Interrupt priority detection time selection bits 
Detection time 

7 cycles at internal clock o 

1 4 cycles at internal clock @ 


2 cycles at internal clock o 


Slee 
iii 


This connot be avaolable 


This bit must be "0" 


Internal clock @ output selection bit 
@ Output disabled 
(Pin 42is normal I/O port) 
, @ Output enabled 
(Pin 42iSs @ Output pin) 


Note : Use the LDM or STA instruction to write to this register. 
(Do not use read modify write type instructions such as CLB or SEB.) 


Fig.3.3.1 Processor Mode Register Bit Structure 





macht, 
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Software reset is the same as hardware reset (when the reset pin is pulled to “L” and then restored to 
“H”) except that the contents of the internal RAM are preserved. Therefore, the contents of each register 
after a software reset is initialized to values shown in Figure 3.1.2. 
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CHAPTER 4.OSCILLATING CIRCUIT 





4.1 Oscillating Circuit 

The M37700 is equipped with an oscillating circuit to generate the necessary clock. The frequency input 
to the clock input pin Xin is divided in half to obtain the internal clock @. This @ is further divided in half 
to obtain the bus cycle. Either a ceramic resonator or a crystal oscillator can be connected externally to 
the internal oscillating circuit. 


4.1.1 Circuit using a ceramic oscillator or a 
crystal oscillator 
Figure 4.1.1 shows a circuit example using a : M37700M2-XXXFP 
— ceramic resonator and Figure 4.1.2 shows a cCir- 
cuit example using a crystal resonator. An oscil- Xout 
lating sircuit is formed by connecting the resona- 
tor between Xin and Xout as shown in the figures. 
The circuit constants such as Rf, Rd, Cin, and 
Cout must be set to the resonator manufacturer’s 
recommended values. 
Table 4.1.1 and Table 4.1.2 show the recom- 
mended circuit constants for each type of oscilla- 
tor. 





4.1.2 External clock input circuit Fig.4.1.1 Oscillating Circuit Using a Ceramic Resonator 
An external clock signal can be supplied to the 
internal oscillating circuit. Figure 4.1.3 shows the 
circuit example for this case. Note that the exter- 
nal clock must be input from pin Xin, and pin Xout 


M37700M2-XXXFP 
must be left open. 


Xout 





Fig.4.1.2 Oscillating Circuit Using a Crystal Resonator 


M37700M2-XXXFP 


XIN Xout 


External oscillating circuit 





Fig.4.1.3 External Clock Input Circuit 
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Table 4.1.1 Recommended Circuit Constants when Using a Ceramic Resonator (See Figure 4.1.1) 


Manufacturer Type name Oscillating frequency Rf Cin Cout Pd 
esa ees ae oH ea (Q) 


MURATA MFG. CO., LTD.| CSA8.00MT 220 
MURATA MFG, CO..LTD CST8.00MT Seen SANE Oa ak eee 220 

=RA COR KBR-8.0M {| = 8 | | 83 83470 
MURATA MFG. CO.,170,|CSA16.00Mx040) 46d) ta?) a 


* Built in the oscillator 


Table 4.1.2 Recommended Circuit Constants when Using a Crystal Resonator (See Figure 4.1.2) 


Oscillating frequency Rf Cin oo 
DAIWA SHINKU CORP. | HC-49/u8.000MHz | 
DAIWA SHINKU CORP. __| HC-49/u16.000MHz 7 = 
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4.2 Clock Generation Circuit : 
The oscillating circuit consists of an oscillating gate which functions as an amplifier to obtain the neces- 
sary gain and an oscillation control flip-flop to control it. Therefore, the.oscillation can be started or 
stopped as necessary. The M37700 is equipped with a clock generation circuit shown in Figure 4.2.1. 
When an STP instruction is executed, the internal clock @ stops at “L” state. At the same time, FFFie is 
set in the watchdog timer and the watchdog timer input is connected to fsz. When the most significant bit 
of the watchdog timer becomes “0” or when the system is reset, this connection is freed and the watch- 
dog timer is connected to the input determined by the watchdog timer frequency selection flag. Oscil- 
lation resumes when an interrupt is received, but the internal clock @ remains at “L” till the most signifi- 
cant bit of the watchdog timer becomes “0”. This is to avoid the unstable oscillation period at the rising 
edge when using a ceramic resonator. In order to enable the STP instruction, the STP option must be 
specified when ordering the mask. 

When a WIT instruction is executed, the internal clock @ stops at “L” state, but the oscillator does not 
stop. @ is resumed when an interrupt is received. An instruction is executed immediately because the 
oscillator is not stopped. 

If an instruction using the bus is executed just before execution the STP or WIT instruction, the program 
may run-away after recovering from a stop or wait state. Therefore, a NOP instruction should be inserted 
before an STP or WIT instruction to delay execution. If there is an instruction to change the port output 
or RAM content just before an STP or WIT instruction, the port output or the RAM content might not be 
changed. In this case, insert the number of NOP instruction, as shows the following, before the STP or 
WIT instruction to adjust the execution timing. 


eThe data is written into internal RAM or SER ......... eee cece ccc ecceccceccecseccscceccesencuecs One NOP instruction 


«The data is written into external memory or I/O without one-shot wait............. One NOP instruction 
«The data is written into external memory or I/O with one-shot wait ............. Three NOP instructions 


The stop or wait state is canceled with an interrupt or with a reset. 
@These states are canceled with an interrupt, the following interrupts can be used: 
-Stop state —External interrupt (INTO, INT1, and INT2) 
Clock synchronous serial !/O interrupts (transmission, receive) using external clock 
—UART interrupts (UARTO receive, UARTO transmission, UART1 receive, ae trans- 
mission) using external clock 
—Timer interrupts (however, timer which is used to cancel has to sets the event counter 
mode before executing STP instruction.) 


‘Wait state -—All hardware interrupts 
However, interrupts must be enabled before executing an STP or WIT instruction. 
@lThese states are canceled with reset, hardware reset can be only used. 


After cancel, the contents of internal RAM is kept and the contents SFR and CPU registers are shown 
in Figures 3.1.2(a) to (Cc). 


Interrupt 
request 


STP 
instruction 


—_ | Waa 
timer | 





Fig.4.2.1 Clock Generating Circuit Block Diagram 
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CHAPTER 5.ELECTRICAL CHARACTERISTICS 





5.1 Absolute Maximum Ratings 


Absolute Maximum Ratings 


7 

Input voltage RESET, CNVss, BYTE 

Input voltage PQo~P07, P1o~P17, P20~P27, P30~P33 
P40~P47, P50~P57, P60~P67, P7o~P77 

P80~P87, Vrer, XIN 






| Ratings | Unit 





= 


Conditions 











< 





—0.3~12 


| _Conditions | 
eel 
ee oneal 
eee ed 
Ta=25°C 

eee el 
Wee 










—0.3~Vcc+0.3 









dea} <<< 


Vo Output voltage P0o~P07, P1o~P17, P20~P27, P30~P3s 
| P4o0~P47, P50~P57, P60~P67, P7o~P77 
P80~P87, Xour, E 
Power dissipation = 
C 
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5.2 Recommended Operating Conditions 





5.2 Recommended Operating Conditions 


Recommended Operating Conditions (Vcc=5V+10%, Ta=—10~70°C, unless otherwise noted) 


Parameter 


Supply voltage ee 

AVcc__|Analogsupplyvoltage es — s—“‘“CS;S™SC*drLSCOC‘éCSCOVVs—siS 
[Supplyvoltage s—“(s‘“‘Cs*s*s*sSs~srSC“‘ 
Vss___|Analogsupplyvoltage Cid 


High-level input voltage P0o~P07, P30~P33, P40~P47 
P50~P57, P60~P67, P70~P77 
P80~P87, Xin, RESET, CNVss 
BYTE 


IH High-level input voltage Plo~P17, P2o~P27 | 0.8Vcc 
(in single-chip mode) 


Symbol 







<j >\(< <= 
r fs 5 


< 














Vin High-level input voltage P1o~P17, P20~P27 0.5Vcc 
(in memory expansion mode ~~ 
and microprocessor mode) 

Vit Low-level input voltage PQo~PQ7, P30~P33, P40~P47 








P50o~P57, P60~P67, P7o~P77 
P80~P87, Xin, RESET, CNVss 
BYTE 





Vit Low-level input voltage Pto~P17, P2o~P2z7 
(in single-chip mode) 
Vit Low-level input voltage Pto~P17, P20o~P27 





(in memory expansion mode 

and microprocessor mode 
High-level peak output current POo~P07, P1o~P17, P20~P27 
P30~P33, P4o~P47, P50~P57 
P60~P67, P70~P77, P80~P87 
High-level average output current POo~P07, P1o~P17, P2o~P27 
P30~P33, P40o~P47, P5o~P57 
P60~P67, P70~P77, P80~P87 
PQo~P0O7, P10~P 17, P20~P27 
P30~P33, P4o~P47, P5o~P57 
P60~P67, P70~P77, P80~P87 
PQo~P07, P10o~P17, P20~P27 
P30~P33, P40o~P47, P50~P57 
P60~P67, P70~P77, P80~P87 
(XIN) 


Note 1. Average output current is the average value of a 100ms interval. 
2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less. 
The sum of lox(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less. 
The sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
The sum of lox(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 












Low-level peak output current 
















Low-level average output current 


O Oo © oO 
I r 
vy ot ~~ ~~ 
< ® 2 S 
ce ce) » 

= 7p zs 


=~ 
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5.3 M37700M2-XXXFP DC/AC Characteristics 
5.3.1 Electrical characteristics 


Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise noted) 


Von [High-level output voltage  POo~P07, P1o~P17, P20~P27 
P30, P31, P33, P40~P47 
P50~P57, P60~P67, P7o~P77 


D 
i 
3 
a 


Unit 





010 |o oy 
< 
{ 
| 
awh, 
oo) 
= 
> 
wo & 










P80~P87 ae 
=e ee output voltage P0o~P07, P1o~P 17, P20~P27 | loH=—400UA a 
P30, P31, P33 
3 oH=—4001A (48 {| | 
Vox {High-level output voltage E oH=—10MA rh ae 
low=-400pA | 
Vou Low-level output voltage = PQo~P07, P1o~P17, P2o~P27 |lo.=10mA 2 
P30, P31, PS3, P4o~P47 | 
P50~P57, P6o~P67, P7o~P77 
P80~P87 
Vo. {Low-level output voltage  P0o~P07, P1o~P'17, P20~P27 nia 
P30, P31, P3s 
Vo Low-level output voltage P32 Ho=10mMA ti (sti‘L;CSS*zd 
lo.=2mA | | 0.48 | 








mode, an output 


lo=10mA CTT 
Ho=2mA_ CE 
amen al 
Vie-Vr-|Hysteresis = RESET es eC(iL  —“*‘“‘“‘“‘“‘(;‘dCM CT 
Vre-Vr-|Hysteresis XT —“(ti‘“*‘s*‘sé‘<~CCSHCE 08 
lH PQo~P07, Plo~P17, P20~P27 5 
me 2h a LE 
P60~P67, P7o~P77, P80~P87 
* Xin, RESET, CNVss, BYTE 
lie PQo~P07, Plo~P17, P20~P27 —5 
P30~P33, P4o~P47, P50~P57 
P60~P67, P7o~P77, P80~P87 Be 
Xin, RESET, CNVss, BYTE |. 
Vaan |RAWholdvolage-——~—=~—S (When clocks stopped. | 2 | | 
Icc ower supply current In single-chip | {(X1))=8MH i 12 





a - 
= 
E 


5.3.2 A-D converter characteristics 


A-D converter characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise noted) 














| — [Resolution dV ner=Voo | 8 its 
| — [Absolute accuracy Werer=Voo || #8 LSB 
Riaooer|Ladderresistance Vner=Voo | | 10 | KL 
toow |Conversiontime | 8s 
Vacr_|Referencevoltage | Vc | 
Via___[Analoginputvoltage Vr 
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5.3.3 Timing requirements (Vcc=5V+10%, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise noted) 


External clock input 


Symbol Parameter Min. | Typ. _ Max 
External clock input cycle time 

wih) External clock input high-level pulse width 

Wil) External clock input low-level pulse width 


External clock rise time 
External clock fall time 


Port PO input setup time 
Port P1 input setup time 
Port P2 input setup time 
Port P3 input setup time 
Port P4 input setup time 
Port P5 input setup time 
Port P6 input setup time 
Port P7 input setup time 
Port P8 input setup time 
Port PO input hold time 
Port P1 input hold time 
Port P2 input hold time 
Port P3 input hold time 
Port P4 input hold time 
the-psp) | Port P5 input hold time 





















I) 
o| 


< 
UC 


RO [PO {PO {PO | PO 













BaReee 


NO 
© 


: 


© 




















Memory expansion mode and microprocessor mode 


Port P1 input setup time 
Port P2 input setup time 


RDY input setup time (when wait bit is “1” 


| 60 | 

ee 

RDY (ee ee eae] 

RDY input setup time (when wait bitis “0”, and externalmemoryisaccessed)) O | — | 
| ae 

[ee 







the-P1p) | Port P1 input hold time 
Port P2 input hold time 
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Timer A input (count input in event counter mode) 


| | Min. | Typ. | Max. | 












tora) TAin input cycle time | ee as ee ee 
TAiin input high-level pulse width ae a ae ee 
twa.) _| TA input low-level pulse width | 125 | =| tons 





Timer A input (gating input in timer mode) 


Symbol 


tcta) TAiin input cycle time 
tw(TAH) TAiin input high-level pulse width 
tw(TAL) TAin input low-level pulse width 1000 


Parameter 





Timer A input (external trigger input in one-shot pulse mode) 


tcTa) TAiin input cycle time 5 
tw(TAH) TAin input high-level pulse width 2 
twa.) | TAiin input low-level pulse width 





Timer A input (external trigger input in pulse width modulation mode) 


in. 









| 
twraH) | TAiin input high-level pulse width 
twiTAL) TAin input low-level pulse width 


Timer A input (up-down input in event counter mode) 


Symbol Parameter 


TAiout input cycle time | 


tw(UPH) 
twuPL) TAiout input low-level pulse width 





Timer B input (count input in event counter mode) 


Symbol Parameter 


TBi input cycle time 
TBiw input high-level pulse width 






TBiw input low-level pulse width 


Timer B input (pulse period measurement mode) 


Symbol | | Parameter 


TBin input cycle time 


| TBiw input high-level pulse width 


twist) | TBin input low-level pulse width : 
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Timer B input (pulse width measurement mode) 


Max. 
tema | TBiw input oyele time aes 
eos! 
Eo 













twcTBH) TBiin input high-level pulse width 1000 
TBin input low-level pulse width 









A-D trigger input 


ftcian) [AD ac input cycle time (minimum allowable trigger 2000 
}twianl) — {ADtra input low-level pulse width 








UART clock input 


ase 





CLKi input cycle time 
CLKi input high-level pulse width 
CLKi input low-level pulse width 250 





External interrupt INTi input 












‘twinH) _|INTi input high-level pulse width | 250 |, ns 
twaint) INTi input low-level pulse width eae 
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5.3.4 Switching characteristics (Vcc=5V+10%, Vss=0V, Ta=25°C, {(Xin)=8MHz, unless otherwise noted) 


Single-chip mode 


a 
bd 
a 
ae 
Peed 
aa cael 
a 






Port P3 data output delay time 


Port P4 data output delay time 
Port P5 data output delay time 
Port P6 data output delay time 
Port P7 data output delay time 
Port P8 data output delay time 

































Memory expansion mode and microprocessor mode (when wait bit is “1”) 


















a 
| 100 | St ts 
|te-P1q)_| Port P1 data output delay time (BYTE="L") | pT 120 =| ns 
eee ane ee ae 
| 100 | S| Stns 
ee eee ee ee 
aes ee Ee a oe 
too {| | ns 
aes eee Ss 
ee ae ee 
| 100 | =| ns 
to(eHe-€) Fioures.3.1 oo | | | ns 
tapw-£) | R/W output delay time * pede ae (A (6) (| 
ee a es ee 
BO he ce le ec 
ae a ee 
ee a ee oe 
thie-pia) | Port P1 address hold time (BYTE="H") | 20 | | [ons | 
ae ae eT 
thie-P2a) ae (ee ey AE 
OE ee all Be nS | 
thie-R) 20 | | | ns | 





148 


5.3 M37700M2-XXXFP DC/AC Characteristics 





Memory expansion mode and microprocessor mode (when external memory area is accessed, and wait bit is “O") 


Test conditions Limits 


aPoa-E) | Port PO address output delay time * 
ae-pia) | Port P1 data output delay time (BYTE="L") | 
pxze-P1z) | Port P1 floating start dela fim BYTE= a 
d(P1A-E) Port P1 address output delay time * 
ae-Pp2a) | Port P2 data output delay time 
pxz(E-P2z) | Port P2 floating start delay time 
aP2a-E) | Port P2 address output delay time * 
d(e-HLDA) | HLDA output delay time 
d(ALE-E) AE output delay time 
W(ALE) E pulse width * 
d(BHE-E) ar output delay time * 
d(R/W-E) R/W output aay time * Figure 9.3.1 
h(E-POA) /PortPO address holdtime = —sid /PortPO address holdtime = —sid address hold time 
h(E-P1A) Port P1 address hold time (BYTE="“L” 
h(E-P1Q) Ror P1 data hold time (BYTE= “LU 
PZX(E-PIZ) 
hE-P1A) 
nE_P2A) 
hE-P2a) 


Symbol Parameter 





; 


oP) 
O1 
—) 





—+ 
— 
G 
> > 
© NO NO 00) 


|i 
O1 
© 


(oe) 
On 
© 


10) O9| | 
NOERO TRO TROPPO TRO FPO [PO | PO 
O1; O1/ O1; — 





pzx(E-P2z) | Port P2 floating release delay time 
h(e-BHEy) | BHE hold time 
R/W hold time 20 


* The value of port Pi address output delay time (i=0, 1, or 2), BHE output delay time, R/W output delay time, and 
ALE pulse width are dependent on the clock oscillating frequency (f(Xin)), and these value are defined by the 
following expressions. 

Symbo 
taPia-E) | Port Pi address output delay time 

tuaHe-£) | BHE output delay time 100+(2 x 10°/f(Xin))-250ns 350+(4 x 109/f(xin))—500ns 

taa/w-e) | R/W output delay time 


ALE pulse width (1 x 10%/f(Xin))—25ns (3 x 10°/f(xin))—25ns 





thie-R/W) 





Fig.5.3.1 Testing Circuit for Ports PO~P8 
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5.4 M37700M2AXXXFP DC/AC Characteristics 
5.4.1 Electrical characteristics 


Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=16MHz, unless otherwise noted) 







Symbol Parameter Test conditions MRcie ee Unit 
Von High-level output voltage © PQo~PQ7, P1o~P17, P2o~P27 |lou=—10MA | 3 V 
| P30, P31, P33, P40~P47 | 
P50~P57, P6o~P67, P7o~P77 
P80~P87 


< 


OH High-level output voltage POo~PQ7, Plo~P17, P2o~P27 |loH=—400UA 
P30, P31, P3s 


oO 

= 

I 
S12) © |S 
DOS ColA;Oj=| N 














VoH High-level output voltage P32 oH=—10MA 
Sere fea 
VoH High-level output voltage E 
Voi Low-level output voltage = PQo~P07, P1o~P17, P2o~P2z7 =10mA 

P30, P31, P33, P40~P47 

P50~P57, P6o~P67, P7o~P77 

P80~P87 
VoL Low-level output voltage = PQo~P07, P1o~P17, P2o~P27 |lo.=2mA 

P30, P31, P33 

V | 


OL Low-level output voltage P32 o.=10MmA 
-|lo=2mA 


Hysteresis HOLD, RDY, TAQw~TA4w, TBOw~TB2n 

INTo~INT2, ADtrac, CTSo, CTS1, CLKo, CLK: 

T+—Vt-| Hysteresis RESET 

T+—Vt-| Hysteresis XIN 

High-level input current = PQo~PQ7, P1o~P17, P2o~P27 
P30~P33, P40~P47, P5o~P57 
P60~P67, P70~P77, P80~P87 


Xin, RESET, CNVss, BYTE 


< 






< 
i 
< 
fie 











oO |. 
els} elslgle| $] 0s 
O) Go oO 


O 
< 


~ 


Low-level input current PQo~P07, P1o~P 17, P2o~P27 | Vi=OV 
P30~P33, P40~P47, P5o~P57 | 


P6o~P67, P7o~P77, P80~P87 
Xin, RESET, CNVss, BYTE 













| 4 
| i= 
3s BB <K<e) <| <<} |< 


RAM hold voltage 
Power supply current 


When clock is stopped. 
In single-chip | (Xis)=16MHz 
mode, an output 
pin is kept open] |! a= 

and other pins| clock is stopped. 


ie) 


Dm 
2 
Cc 
ed) 
=x 
© 
= 
pe) 
< 
se 
© 
= 
S 


° 


> 
= 
@O 
oO 
oO 
pa 
> 
oO 
£2. 
oO 
[os 
o 
+ 
> 
| 
~ 
© 
oO 
= 
_ 
om 


<= 
4) 
Qa 
Cc 
= 
pm) 
i<e} 
ses 
© 
n” 
pie 
OQ 
S) 
i) 
~~ 
” 
Yy 
—_— 
S 
ae) 
S 
00) 
oy 


— 
NO 
ne) 
oN 


/ OE 
> 
= 


—_— 
ped) 
nN 
on 
(?) 
= 
¢ = 
@ 
— a-ak 
a - 
EE 
> 


5.4.2 A-D converter characteristics 


A-D converter characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(xin)y=16MHz, unless otherwise noted) 


ymbol Parameter Test conditions ells Un 


in. . | Max. 


— 


esolution eEF=Vcc 


eee 
| — Absolute accuracy Vn Vco 
Ladder resistance neF=Vcc 
Conversion time 
REF 
A 


| 
es) 


a, 
rs <= 
ol 


x 
G 
W 
oO 


< 


< —| i+ 
r 
” 
w 


- 


im 
m 
< 
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5.4.3 Timing requirements (Vcc=5V+10%, Vss=0V, Ta=25°C, f(Xin)}=16MHz, unless otherwise noted) 


External clock input 























Exiemal clock input ayele time ee 
External clock input high-level pulse width a ee ee ee 
twit) External clock input low-level pulse width 25 | | [ons | 
External clock rise time a are ee ae 
ti External clock fall time 10 ns 
Single-chip mode 

po Limits 


Limits 


tsu(Ppoo-eE) | Port PO input setup time 100 


tsuP10-£) 100 
SU(P20-6) 100 
SUP3D-E) 100 
SUP4D-£) 
SU(PSD-E) 100 
Su(PeD-£) 100 
SUP7D-E) 100 
suPsp-e) | Port P8 input setup time 

h(E-POD) 
nE-P1D) 
nE-P2D) 
nE-P9D) 


+ 
< 
xo) 


9) 
2s 
a | 
a 


.¢ 2] 









” 





—_ 
_ 
” 


—s 
| 
n 


| 
ep) 


pramite 
— 
¢2) 


= 
-—_ 


—_— 





oot 





=) 
167] 


> 
om 
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> 
Nn 







-_ 


=) 
16] 


n 


( 
NEPAD) 
hE-PSD) 
n(€-PeD) 
thve-P70) 


th(E-Pap) 


— ak 
© © 
© © 









Memory expansion mode and microprocessor mode 


Parameter 






Symbol 


tsupoo-e) | Port P1 input setup time po 
Port P2 input setup time pa 
RDY input setup time (when wait bit is “1” ns 


ne-Pip) | Port P1 input hold time 
Port P2 input hold time 


> 
”n 


i 


5 
ep) 


Cc 
—_ 


tsue-roy) | RDY input setup time (when wait bitis “O", and external memory.is accessed)| O | 


th(E-P2D) 
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Timer A input (count input in event counter mode) 


tc(TA) TAiin input cycle time 
TAiw input high-level pulse width | 
TAiwn input low-level pulse width 

















Timer A input (gating input in timer mode) 









Symbol | | Parameter as Unit 
| Min. | Typ. | Max. 

tora) TAi input cycle time 1000 [ =|] 

ftwan) | TAiin input high-level pulse width 500 Je ns 

twas) | TAiw input low-level pulse width -s00 | | | ns 








Timer A input (external trigger input in one-shot pulse mode) 


TAiw input cycle time ee ee ae 
TAiw input high-level pulse width oe eae eee 
TAiw input low-level pulse width ee ih le 


— 


Timer A input (external trigger input in pulse width modulation mode) 


Max. 


waar TAiw input high-level pulse width oe 
TAin input low-level pulse width maa Os 





Timer A input (up-down input in event counter mode) 


Symbol Parameter 


TAiourt input cycle time 1000 
TAiout input high-level pulse width 
TAiout input low-level pulse width 





Timer B input (count input in event counter mode) 


Max. 











TBiw input cycle time = ae ee 
TBi input high-level pulse width | 125 | | | ons 
twist) | TBiin input low-level pulse width 125 | | [ons | 





Timer B input (pulse period measurement mode) | 


TBin input cycle time ee ee 
TBin input high-level pulse width ce ae es ee 
twre.) | TBi input low-level pulse width | 500 | =| seins | 
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Timer B input (pulse width measurement mode) 


TBiin input cycle time 
tw(TBH) TBiin input high-level pulse width 
tw(TBL) TBiin input low-level pulse width 500 
















A-D trigger input 


ftcian) [AD tac input cycle time (minimum allowable trigger 1000 | sd 
ftwaot) —_[ADtaa input low-level pulse width a 








UART clock input 


Symbol Parameter Limits 
Typ. 
tcick) CLKi input cycle time 


CLKi input high-level pulse width 
CLKi input low-level pulse width 





External interrupt INTi input 


in. 


twin) _[INTi input high-level pulse width 
INTi input low-level pulse width 










No} Po 
IPs 
O}|oO|> 
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5.4.4 Switching characteristics (Vcc=5V+10%, Vss=0V, Ta=25°C, f(Xin)=16MHz, unless otherwise noted) 


Single-chip mode 


Port PO data output delay time 

Port P1 data output delay time 

t(E-P2a) | Port P2 data output delay time 

Port P3 data output delay time 
E 















| 


Min. 








Port P4 data output delay time 


Port P5 data output delay time 


Port P6 data output delay time 


- 
Port P7 data output delay time | 
tae-Peay | Port P8 data output delay time 





Memory expansion mode and microprocessor mode (when wait bit is “1”) 


Symbol Parameter Test conditions elms . 


a 
Renee 
sly he 









Unit 





- 





-— 





— 







+ 
Ww 
© 







—_— 





ta 





W 
© 


no} po} no {pot no} po ino [po [po [oo}oo] a] wlS 
DDS[S/S/D|SJOJO/S/S|S/S ols 


a 







— 











a 





re) 







nE-PIA) 
NE-P2A) 
NE-P20) 
PZX(E-P22) 
NE-BHE) 
nE-RWM 


Comal Ucn nil Mcomaalll Hamat 


ol |b as = 
o| |O ro - 


< 
7 





20 | 
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Memory expansion mode and microprocessor mode (when external memory area is accessed, and wait bit is “O”) 


Port PO address output delay time * 
Port P1 data output delay time (BYTE=L’) 


Port P1 floating start delay time (BYTE="L” 


E) 

Port P1 address output delay time * | 
p 
E . * 










owt fe | om 













rae all Una 


HLDA output delay time 
BHE output delay time * 


B 
R/W output delay time * 
hi€-P1Q) 


pzx(e-P1z) | Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE="H’) 
Port P2 address hold time 


nea 20 


* The value of port Pi address output delay time (i=0, 1, or 2), BHE output delay time, R/W output delay time, and 
ALE pulse width are dependent on the clock oscillating frequency (f(xin)), and these value are defined by the 
following expressions. 

taPia-E) | Port Pi address output delay time 

tasHe-e)} BHE output delay time 30+(2 x 109/f(Xin))—125ns 155+(4 x 10°/f(Xin))—250ns 

taprw-£) | R/W output delay time 


ALE pulse width (1 x 109/f(Xin))—22.5ns (3 x 109/f(xin))—22.5ns 


Caen lll Ot ee oll en oll en ol eee 













—_— 


Figure 5.4.1 


ome em ee ee a fe ae oe 





asl 


Nol po} pol po} pot po {po {po [po] 7] i] | ra ar pad 
— 
< 
To 

a lslel last 1S 
oOo] lo =) © 
ja 
'€p) 








Fig.5.4.1 Testing Circuit for Ports PO~P8 
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5.5 Timing Diagrams 


Single-chip mode tr afett ete as twin) 7 twiv) 
Foxy) 
E 
aay td(e—pog) 
Port PO output x 
tsu(Poo—e) pom 
Port PO input La thi e—pop) 
| td(e—p1aq) 
Port P1 output x 
tsu(p1D—e) pa 
i 
Port P1 input thie—P1p) 
a td(e—p2q) 
Port P2 output X 
tsu(p2D—E) 
th(e— 
Port P2 input ES h(e—p2o) 
Bay td(e—p3q) 
Port P3 output By 
tsu(e3p—e) pa 
Nt 
Port P3 input h(e—P3p) 
—] td(e—paq) 
Port P4 output >) ( 
tsu(pap—e) aan 
thie— 
Port P4 input h(e—pap) 
ay td(e—psa) 
BD, 
Port P5 output 
tsu(Ps0—£) — 
aces 
Port P5 input nie Psp 
td(e—psa) 
X 
Port P6 output 
tsu(peo—e) 
J 
Port P6 input th(e—pep) 
rag td(e—p7a) 
Port P7 output X 
tsu(p7D—e) pes 
la) 
Port P7 input thie—p7p) 
neg td(e—psa) 
Port P8 output B. 
t = 
Su(P8D—E) ae 
Port P8 input thie—psp) 
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5.5 Timing Diagram 





TAiy input 



















TAiour input 

















t e(t8)—— el 


twitBH) 


TBiyy input 





tw(teL) 











a aeen —te(ad) 





AD tro input 


teick) 


tw(ckn) 


CLKi input 


— twickt) 





La 








INTi input 
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Memory expansion mode and microprocessor mode (when wait bit="1”) 


tf ty 


twiv) twin) Fase tc 
foxy) 


E 
F 


> 
Qa 
= 
@ 
7) 
77) 





(AoA?) 

thie—p1a) a tezx(E—P1z) 
Port P1 output | (Address | Data | ] Address _ Address 
(Ag~Aj5/Dg~Dys) A" tdie_pia) 
(BYTE="L”) 

thie—P1a) ers tdip1a—e) 

(Ag~ Ais) 
(BYTE="H") —t-\ thie—p1p) 


Port P1 input 


| 
FLEET 


th(e—p2a) a texz.e—F 27) tezx(e—pe2z) 
— ek) a a ee a 
(Aie~Az3/Do~D7) 


tdie- 
die—p2q) td(p2a—e) na thi e—p2p) 


tsu(p2p—) ; 


Port P2 input 


Port P33 output 


(HLDA) 

tw(ALe) 

aes td(ace—e) 
Port P3. output 
(ALE) 
(BHE) 
Port P3, output F 
(R/W) 

tsu(Rpy—e) 

Port P4, input 4 
(RDY) 


Test conditions 

@ Vcc=5Vt10% 

@ Output timing voltage : Vor=0.8V, VoH=2.0V 
@ Ports P1 and P2 input : Vi=0.8V, Vin=2.5V 
@ Port P4; input : Vi=1.0V, Vin=4.0V 
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Memory expansion mode and microprocessor mode (when wait bit=“0", and external memory area is accessed) 


tc 


td(poa—E) 


foxy) 


mi 


Jy 


(Ag~Az) 
_ thie tpzx(—E—P1z) 
N(e—Pta) aay i 
Aarti 5 Dis) rail td(e—P1aq) 
(BYTE=“L”) 









thie—p1a) 


i 


Port P1 output 
(Ag~Ais5) 
(BYTE=“H”") 


i [ 


I 


thie—P1o) 


[aos |) 
faa 


—_——— — —_ Address 


Port P1 input 





tezx(e—p2z) 





th(e—p2a) we 
, 


(Aie~Az3/Do~ D7) A 


tdie—p2a) a ar 


tw(ALe) 


Port P32 output 
(ALE) 
td(BHEe—-e) a 


(BHE) 
td(ryw—e) 
Port P3, output 
(R/W) 
‘tsu(roy—e) 
Port P4, input 3 


(RDY) 





tdip2a—e) a th(e—p2p) 


tsu(p2D—e) 






Port P2 input 


Port P33 output 
(HLDA) 





Test conditions 

@ Vcc=5V+10% 

@ Output timing voltage : VoLc=0.8V, Von=2.0V 
@ Ports P1 and P2 input : Vi=0.8V, Vin=2.5V 
@ Port P4: input : Vi=1.0V, Vin=4.0V 
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CHAPTER 6.STANDARD CHARACTERISTICS 


The data described in this chapter are characteristic examples and are not guaranteed values. Refer to 
“Chapter 5. Electrical Characteristics” for rated values. 


6.1 Standard Port Characteristics 


(1)Programmable I/O port (CMOS output) P channel lox—-Voun characteristics 
@ Supply voltage Vcc=5V 


lou 





(2)Programmable I/O port (CMOS output) N channel lo.—Vo. characteristics 
@ Supply voltage Vcc=5V 


lot 
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6.2 lcc—f(xin) Standard Characteristics 





6.2 Icc—f(xXin) Standard Characteristics 
(1)M37700M2 and M37700E4 operating and reset Icc-—f(xin) characteristics 
@ Measurement condition (Vcc=5V, Ta=25°C, f(xin): Square wave, single-chip mode) 


[mA] 


20 







—O—— M37700E4 
—@— M37700M2 





(2)M37700M2 wait Icc—f(xin) characteristics 
@ Measurement condition (Vcc=5V, Ta=25°C, f(xin): Square wave, single-chip mode) 


[mA] 


3.0 


0 A 8 12 46 [Mbz] 
f (Xin ) 
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6.3 A-D Converter Standard Characteristics 

The lines at the bottom of the graph indicate the absolute precision errors. These are expressed as the 
deviation from the ideal value when the output code changes. For example, the change in output code 
from 0016 to 0116 should occur at ANi=10mV, but the measured value is 6.5mV. Therefore, the measured 
point of change is 10+6.5=16.5mV. | 


The lines at the top of the graph indicate the input voltage width for which the output code is constant. 
For example, the measured input voltage width for which the output code is OFie is 27.5mV. Therefore, 
the differential non-linear error is 27.5-20=7.5mV (0.375LSB). 


@ Vcc = 5.12[V] 
@ VracF = 5.12[V] 
@ Xin = 16[MHZ] 
@ Temp. = 25[deg.] 
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CHAPTER 7.USAGE PRECAUTIONS 





7.1 Software 
Note the following when programming the M37700 and M37701 series of microprocessors. 


7.1.1 Stack pointer (S) | 
The content of the stack pointer (S) is unpredictable immediately after a reset. Be sure to initialize 
it before using. 


Example) LDX #27FH 
TXS 


7.1.2 Program bank register (PG) and data bank register (DT) 
When using in single-chip mode, do not set values other than “OQO16” in the program bank register 
and the data bank register. | 


7.1.3 Direct page register (DPR) 
The execution cycle is reduced by one cycle, by setting the low-order 8-bits of the direct page 
register (DPRi) to “0016”. 


7.1.4 Processor status register (PS) 
(1) Decimal mode flag (D flag) 
When a decimal arithmetic operation is performed with the D flag set to “1”, 
@Only the C flag is valid and the Z, N, and V flags are invalid for ADC instruction. 
@The C and Z flags are valid and the N and V flags are invalid for SBC instruction. 
Note: Only the ADC and SBC instructions can be used for decimal arithmetic. 


(2) Data length selection flag (m) and index register length selection flag (x) 
Using 16-bit immediate data with the m flag set to “1” (data length: 8-bits) or 8-bit immediate data 
with the m flag set to “0” (data length: 16-bits) will cause programs to run wild. The same is true 
for the index register length selection flag x. Check the status of these flags when writing programs. 


7.1.5 Register save and restore instructions 
(1) Saving registers with PSH instruction and restoring registers with PUL instruction 
When saving and restoring registers with the PSH and PUL instructions, the accumulators A and 
B are affected by the data length selection flag m and the index registers X and Y are affected by 
the index register length selection flag x (See Figures 7.1.1 and 7.1.2). 


(2) Restoring processor mode register and accumulator B with the PUL instruction 
When executing the PUL instruction with the data length selection flag m set to “0”, if the processor 
status register is included in the register to be restored and its data length selection flag m is set 
to “1”, the high-order 8-bits of the accumulator B may change. In this case, save and restore the 
processor status register with separate instructions. 


Example) PHP 
PSH A,B,X,Y 


PUL A,B,X,Y 
PLP 
(3) PUL instruction 
The N and Z flags change when the PLA instruction is executed, but the contents of the processor 
status register do not change if only accumulator A is restored with the PUL instruction. 
Also, in addressing modes using the direct page register (DPR), the instruction execution cycle is 
reduced by one cycle if the content of the low-order 8 bits of DPR is “OO16”. 
The subsequent instruction execution cycle may be not reduced when the PUL instruction is used 
to restore the DPR containing “O06”. Therefore, do as follows: 


ae 


Example) PUL #X0X1XXXXB ;Restore registers including DPR 
PRD ‘Save DHR | 
PLD ;sRestore DPR 
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PSH 
Instruction 


M(S)—DT 






M(S)—Ba 
SeS-1 
M(S)-B 


SeS-1 M(S)<-PG 


M(S)PSu 
S<e-S-1 







M(S)——Xx M(S}—Xt M(S)-PSi 
SS SeS-1 SeS-1 
M(S)CX. 
S-S-1 










M(S)—Yn M(S)—Yi 
ScS-1 SeS-1 
M(S)-Yi 
SeS-1 


Fig.7.1.1 PSH Instruction Execution Flow 
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PUL 
Instruction 














SS+1 

PSic-M(S) 
ScS+1 

PSHe—M(S) 





Se-S+1 
DT<M(S) 





S-S+1 

DPRie-M(S) 
SeS+1 

DPRxeM(S) 


Fig.7.1.2 PUL Instruction Execution Flow 
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ScS+1 
Yie-M(S) 
S-S+1 
Yue-M(S) 


ScS+1 
Y.<M(S) 


END 


7.1 Software 





(4) PSH instruction 
The program bank register PG can be saved to stack by setting the PSH instruction operand bit 
6 to 1, but the PUL instruction cannot be used to restore PG. 


7.1.6 Block transfer instructions (MVN, MVP) 

With the block transfer instructions MVP and MVN, the content of accumulator A indicates the 
number of bytes to be transferred. For both the MVN and MVP instructions, the content of 
accumulator A is affected by flag m. The maximum number of bytes that can be transferred is 
65535 bytes when m=0 and 255 bytes when m=1. Furthermore, no transfer is performed when the 
content of accumulator A is 0. Index registers X and Y indicate the transfer origin and destination 
addresses respectively and are affected by flag x. The transfer is within a 64K-byte address space 
when x=0 and within 256 bytes when x=1. When performing block transfer with x=1, the transfer 
is scrolled in cases such as shown Figure 7.1.3. Note that the data is overwritten if the number 
of transfer bytes is 256 bytes or more when m=0 and x=1. 

Therefore, check the status of flags m and x when using the MVP or MVN instruction. 


000016 DATA 2 Contents of each register before transfer 


000116 DATA 3 Accumulator A 000316 


Index register X |: 


Transfer 


destination 
bank OOFF ie 


Index register Y |: 


Contents of each register after transfer 


Accumulator A FFFF16 
O0000i6 DATA 1 


Index register X fe 
Transter! og 446 DATA 2 : 
origin 


bank }900216 DATA 3 Index register Y | 


Fig.7.1.3 MVN Instruction Execution Example (when x=1) 





7.1.7 BRK instruction 
The CPU is unaffected regardless of the content of the second byte of the BRK instruction. 


7.1.8 BRA instruction 
Long relative branch with BRA instruction can only be used within bank 0. 


7.1.9 Instruction execution time (instruction execution cycle) 

(1) Time required for instruction execution 
The MELPS 7700 Series uses a three byte instruction queue buffer and performs instruction 
prefetch to increase processing speed. Therefore, the number of instruction execution cycles 
depend on the amount of data in the instruction queue buffer. When programming timers, note that 
the number of cycles shown in the list of machine instructions are for the shortest case. (See 
“MELPS 7700 <SOFTWARE> User's Manual”) 
Also, when creating ROMs, note that except when using 16-bit bus width (BYTE="L”) and no wait 
(no software wait or hardware wait due to RDY pin) in memory expansion or microprocessor mode, 
the execution time required to fetch programs from internal ROM is different from that for external 
ROM. 


(2) 16-bit data access 
When accessing 16-bit data, the processing speed can be increased by aligning the data on even 
number address. 
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7.2.Hardware 


7.2.1 Memory related features 
(1) Special function registers | 

The special function registers located at addresses O16 to 7Fie are used to control internal devices 
such as timers and serial I/O. The bits of these registers are classified into read only, write only, 
and read/write bits. An attempt to write to a read only bit is ignored and the result of reading a write 
only bit is unpredictable (there are exceptions). 
Read-modify-write type instructions such as CLB or SEB must not be used when modifying the 
content of a register containing write only bits or when one of the unspecified bits (see Figure 7.2.1) 
returns an unpredictable result when read. In these cases, use the LDM or STA instruction. 
Note : Do not use a CLB or SEB instruction for the following registers: 

@One-shot start flag (Address 4216) 

@Processor mode register (Address SE) 


Example) SEB instruction 
Mnemonic: SEB #04H,005EH (when m=1) 
Write only bit is undefined 


during read 


RW RW RW RW WO RW RW RW| Read 


O05Exs | D7 | Ds | Ds} Ds 5 eae eae 


RW : Read/Write . Specified bit 
WO : Write only S 


[Dr] De [Ds[D-[ 2 [1 [D: [Do 
005E:6 |D7]De[Ds[Ds] 2? [1 [Di] Do] <2y [D7[De] Ds] Ds] ?] 1 [D1] Do 


Write 


In this case bit 3 is unpredictable. 
Note : ASL, CLB, DEC, INC, LSR, ROL, ROR, and SEB are read-modify-write type instructions. 





Fig.7.2.1 Read-modify-write Instruction Execution Sequence 


(2) Wait bit | 
The wait bit is cleared to “0” at reset and program execution starts in one-shot wait mode (E output 
pulse width is doubled during external area access). Single-chip mode is unaffected by this bit, but 
in memory expansion and microprocessor modes, the wait bit must be switched from a program 
when externally expanded memory or |/O satisfies the timing specification without wait. 


7.2.2 Input/Output pin related features 
(1) Double function port 
When a double function pin that acts as an input pin to internal device and as a programmable |/ 
O pin is used as input pin to internal device, the data direction register of the corresponding port 
must be set to input mode before selecting the function. 
For ports that are shared as internal device output pin, the pin is forced as output when the function 
is selected regardless of the content of the corresponding data direction register. 


(2) Memory expansion mode and microprocessor mode 
In memory expansion and microprocessor mode, the data direction registers for ports P4o and P41 
must be set to input mode. (All programmable I/O pins are set to input mode at reset.) 
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7.2.3 Interrupts 
The priority detection time selection bits (bits 5 and 4) in the processor mode register are both 
set to “O” at reset to select the longest interval. The shortest priority detection time can be used 
for the M37700 family. Therefore, if execution is to be performed immediately after accepting an 
interrupt, bit 5 should be set to “1” and bit 4 should be set to “O”. Furthermore, the interrupt 
request bit of the M37700 and M37701 can be set and cleared by software. 


7.2.4 Timers related features 
(1) Reading a timer that is operating 
To read a timer that is operating, set flag m to “O” and read all 16 bits of the timer register at once. 


(2) One-shot start flag 
Bit 7 of the one-shot start flag (4216) must be set to “O” regardless of whether the timer is used or 
not (this bit is set to “O” at reset). 


(3) Up-Down flag 
When the two-phase pulse signal processing function (valid only in event counter mode) is not 
used, bits 7 to 5 of the up-down flag (4416) must be set to “O”. 


(4) Writing to timer register 
When a value is written in the timer while it is operating, the count start flag is cleared to “0” and 
the timer stops (except in PWM mode). To resume count, set the count start flag of the 
corresponding timer to “1”. 


(5) Timer interrupt request timing for timer A and timer B 
@Timer mode and event counter mode for timer A and timer B 
The interrupt request flag is set at the timing shown in Figure 7.2.2. 
@Timer A one-shot pulse mode and PWM mode 
The interrupt request flag is set as soon as the pulse output from pin TAjour falls. 


Example) When 000316 is set in the timer register 


: Reload : ; : Reload : 
The : : : cvcl : : : : : 
i p RYCIE YOR 
contents of : ' O16 ¢iFFFFiw: 26 : : Ore i:FFFFi: 216 
counter : 
Count 
pulse 


Set TAIR or TBIR : | Set TAR or TBIR 


TAiR: Timer Ai interrupt request flag 

TBiR: Timer Bi interrupt request flag 

Note: When the timer register is read during a reload cycle, FFFFie6 is returned during a down count 
and O16 is returned during an up count. 





Fig.7.2.2 Interrupt Request Generation Timing in Timer Mode and Event Counter Mode 
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(6) Changing counter direction in timer A event counter mode 
In event counter mode, the input signal to the TAiout pin should be internally synchronized with the 
event input (input signal to TAiin pin) so that the counter direction can be changed externally with 
the input signal from the TAiour pin. 


@When the falling edge is selected, the input level of the TAiout pin is captured while the TAimn pin 
input signal is “L” and that level becomes effective when the input signal becomes “H”. 

@When the rising edge is selected, the input level of the TAiour pin is captured while the TAii pin 
input signal is “H” and that level becomes effective when the input signal becomes “L”. 


Therefore, in case such as shown in Figure 7.2.3, there is a displacement in the counter values 
(the same is true when the counter direction is changed with software). Thus the recommended 
_ relationship between up/down switching input and event input is as follows: 


@When the falling edge is selected, switch direction while the TAin pin input signal is at “L”. 
@When the rising edge is selected, switch direction while the TAin pin input signal is at “H”. 


Figure 7.2.4 shows the recommended waveform when the rising edge is selected. 
Furthermore, the count start flag should be set after the up/down input level has been established 
(see Figure 7.2.5). 


Example) Event phase:Falling edge 
Up/down switching trigger:TAiout pin input signal 


UP/DOWN 
switching input | 
(TAiout input) | 
~t—_——: Displacement caused by 


? synchronization 


Internal 


UP/DOWN | | | 
signal 


Up count —«— —p> Down count 
Event input | 
(TAin input) 
Count direction ‘Down 


Down count when viewed externally, 
but actually an up count. 





Fig.7.2.3 Displacement Caused by Up/Down Switching 
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Example)Event phase:Rising edge 
Up/down switching trigger:TAiout pin input signal 





1’ Up: i Down Down Down 


Set count start flagto"1" i 
—P; =t— 500 ns minimum for standard model (8MHz version) 
250 ns minimum for high-speed model (16MHz version) 


Fig.7.2.4 Recommended Waveform for Up/Down Switching Input and Event Input 
<When the rising edge is effective> 


Down count —<«d— : —e Up count 


TAtout input 


ad 


OA BA 
TAininput Count start flag set timing 4 | 4 | t | 4 | 


Counter operation when the 
count start flag is set after the 
UP/DOWN level is established. 


| UP/DOWN level is established. 
In case (b), the first effective edge is used as the down count. 





Fig.7.2.5 Setting the Count Start Flag 
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(7) Two-phase pulse signal processing function in timer A event counter mode 
When the two-phase pulse signal processing function is selected in event counter mode and the 
input pulse changes direction at the timing shown in Figure 7.2.6, an error occurs in the counter 
value. 


Normal Reverse 


Phase A waveform 3 
(T Aiout input) | 


Phase B waveform 
(T Ain input) 





Fig.7.2.6 Two-phase Pulse Signal Processing Function 


Therefore, do as follows in a system that requires the two-phase signal processing of input pulse 

changing direction. 

Disable timer Ai two-phase pulse signal processing function, and use the normal event counter 

mode. Select the falling edge as the effective edge and select an external up/down switching 

trigger. Externally connect the circuit Shown in Figure 7.2.7 and perform the count shown in Figure 

7.2.8 using this circuit. Set the “H” and “L” width of phase A and phase B to at least 1 
Phase A 





LS08 (1/4) 


LS86 (1/4) 


Phase B 
Fig.7.2.7 External Circuit Example 


Normal Reverse 


Phase A waveform | | | | | | 


Phase B waveform FLT LPL,. 
(TAiout input) 
TAin input lt | iy | { ly 


+1 +1 —1 = 
Fig.7.2.8 Two-phase Pulse Signal Processing Using an External Circuit 
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(8) Timer A one-shot pulse mode 

When “0016” is set in low-order 8 bits of the timer Ai register in one-shot pulse mode, pulse output 
is performed normally at the first start trigger and the pulse width is incorrect for the subsequent 
triggers. In this case, reset the value immediately after one-shot pulse output, set the count start 
flag to “1” (count enabled), and wait for the next trigger. 

Furthermore, if the timer Ai mode register bit 2 is set to “O” during timer A one-shot pulse output 
mode, the external output is disabled and the corresponding port can be used as a programmable 
I/O pin. 


(9) Start trigger for Timer A one-shot pulse mode and PWM mode 
Note that the start trigger is synchronized to the timer count pulse and if a low frequency count 
pulse is selected, it may take some time for a pulse to be generated after a trigger is issued. 


(10) Updating output pulse width in timer A PWM mode 
When changing the content of timer Ai register (changing output pulse width) during PWM output 
interval, it should be performed while the PWM output is “L”. If the content of the timer Ai register 
is changed while the PWM output is “H”, the “L” width becomes the inverse of the updated value 
as shown in Figure 7.2.9 and the pulse cycle will be different from the rest. 


Timer Ai register 
write timing 


TAiour output 


: Fixedcycle : Fixedcycle : Different cycle : Fixedcycle : 


n: Value in timer Ai register 
n: FFie—n 





Fig.7.2.9 Output Pulse Cycle in PWM Mode 


175 


CHAPTER 7.USAGE PRECAUTIONS 





(11) Pulse output start in timer A PWM mode | 
The interval between a trigger and the actual PWM output differs between 16- bit PWM mee and 
8-bit PWM mode. 


@in 16-bit PWM mode 
PWM output starts immediately after a trigger as shown in Figure 7.2.10. However, the start 
trigger is internally synchronized and depending on the count source, it may take some time for 
the pulse output to start (see section 7.2.4 (9)). 


Start trigger 


PWM output | | | | 
(T Atout) | 


Se Start PWM output 





Fig.7.2.10 Pulse Output Start in 16-bit PWM Mode 
@in 8-bit PWM mode 


PWM output starts after “L” level is output for n to n+1 cycles (proportional to the prescaler value) 
as shown in Figure 7.2.11. 


Start trigger 


Y — Start PWM output 


PWM output : | | | | 
(T Aiout) 


n: Value in timer Ai register 
Nn: FFie—n 





Fig.7.2.11 Pulse Output Start in 8-bit PWM Mode 


7.2.5 Serial I/O 
(1) Clock synchronous serial 1/O 
In this mode, the transmitter must be operating even in receive only mode because the receive 
clock for serial data input is generated by the transmitter. 


(2) UART mode 
Error detection must be performed before reading the receive buffer register because the error 
flags in the transmission control register 1 are initialized when the receive buffer register is read. 


7.2.6 A-D conversion 
If the conversion speed is of priority, set A-D control register bit 7 (A-D conversion frequency 
selection flag) to “1” from a program because this bit is initialized to “O” at reset and the slowest 
clock is selected. 
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7.2.7 Watchdog Timer 
When the watchdog timer is disabled by applying 2xVcc to the RESET pin, a watchdog timer 
interrupt may occur if the rise of the 10V (2xVcc) applied to the RESET pin is later than the rise 
of the 5V power supply voltage. In this case, do as follows: 
a) Program to set software reset bit to “1” in the watchdog timer interrupt routine. 
b)Set the content of the watchdog timer interrupt vector equal to the reset vector. 


7.2.8 Reset Related Features 
If the oscillator is stable, the microcomputer can be reset by applying “L” level for a minimum 
of 2us to the RESET pin. However, for power-on reset or reset while executing an STP instruction, 
the “L” level must be sufficiently long (approximately 10ms). 


7.2.9 Microcomputer Status During -Stop, Wait, One-shot Wait, Ready, and Hold 
Table 7.2.1 shows the microcomputer status during stop, wait, one-shot wait, ready, and hold. 


Table 7.2.1 Microcomputer Status During Stop, Wait, One-shot Wait, Ready, and Hold 


Enabling condition peculal at @ output E output Port status alehdeg timer Status reset 
(Note 1) status 
Parameter 


STP instruction Specify “STP instruction Halted Halt at "L” | Halt at “H" or "L” |Retain bus and port status | Halt (set “FFF: in | Reset or external interrupt 

(stop mode) enabled” on the mask (INT or serial 1/O using 
ROM confirmation form. 

nn a 


when the STP instruction is | watchdog timer and 

executed (Note 2) select count source {external clock, timer A and 
ba) B with event counter mode 

Access extemal area with} Operating | Operating |“H” or “L” pulse 

processor mode register width is doubled 

bit 2 set to “0” during external 

During memory Operating | Operating 

expansion mode or 

microprocessor mode 

During memory Operating | Operating | Halt at “H” 


area access 
expansion mode or 
microprocessor mode 

Note 1. Timer A, timer B, serial 1/0, and A-D converter can be used when oscillating. 

Note 2 : If there is an instruction to change the port output or RAM content just before an STP or WIT 
instruction, the port output or the RAM content might not be changed. In this case, insert the 
number of NOP instruction, as shows the following, before the STP or WIT instruction to adjust 
the execution timing. 









































Retain bus and port status 
when the WIT instruction is 
executed (Note 2) 


ae oe 
Retain bus and port status Operating 
when "L” level is applied 


Ports PO, P1, P2, P30, and Halted 
P3: are floating. Ports P32 
and P3s halt at "L”. Ports 
P43 to P47, P5, P6, P7, and 
P8 retain port status when 
“L” is applied. 


Operating Reset or hardware interrup 


























Set processor mode 
register bit 2 to “1” 





Halt at “H” or “L” When RDY input returns to 


"H 





When HOLD input returns 
to "H” 





‘The data is written into internal RAM of SFR... eecceccceeeeee eee eneeeeene eens One NOP instruction 
‘The data is written into external memory or I/O without one-shot wait ............... One NOP instruction 
‘The data is written into external memory or I/O with one-shot wait................ ... Three NOP instructions 
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8.1 Description | | | | 
The M37700E2-XXXFP/M37700E4-XXXFP (one-time PROM) and M37700E2FS/M37700E4FS (EPROM) 
are microcomputers with a built-in programmable ROM (PROM). Each has a high-speed version using 
a 16MHz external clock. By using a program writing adapter (note 1), normal PROM writers can be used 
to write programs in the PROM of these microprocessors. Therefore, these microprocessors are suitable 
for small volume/large variety productions. The one-time PROM type enables programs to be written 
once. The EPROM type enables programs to be erased by exposing the erase window on top of the 
package to an ultra-violet light. Therefore, it is suited for program development and prototype use. 
Table 8.1.1 shows the PROM types of the M37700 family. A corresponding PROM type is available for 
each mask ROM type with the same amount of memory. These products have identical functions with 
only differences among them being the ROM type and supply voltage (EPROM types have different 
package). The EPROM types use a ceramic LCC package, but the foot pattern can be made equal to 
an 80-pin plastic molded QFP type by using a special IC socket. 


Table 8.1.1 M37700 Family Built-in PROM Types 








Built-in PROM Type External clock |Memory Size (Bytes) | Corresponding mask 
One-time PROM type input frequency | PROM RAM ROM type 
M37700E2-XXXFP 8MHz 16K 512 M37700M2-XXXEP 
M37 700E2AXXXFP 16MHz | M37700M2AXXXFP 
M37700E4-XXXFP 32K 2K M37700M4-XXXFP 


M37700E4AXXXFP | M37700E4AFS 16MHz M37700M4AXXXFP 


Table 8.1.2 Difference between Built-in PROM Type and Mask ROM Type 


Parameter PROM type 3 Mask ROM type 
ROM type One-time PROM or EPROM ___ Mask ROM 
Supply voltage Vcc 5Vt5% 5V+10% | 


Note 1.The following write adapters are available for the built-in PROM type. 


Type Program writing adapter 
One-time PROM type | 80-pin plastic molded QFP (80P6) PCA4707 
EPROM type 80-pin ceramic LCC (80D0) PCA4708 


8.2 Functional Description 

Figure 8.2.1 shows the pin connection diagram of the built-in PROM type. The pin arrangement is 
identical to the mask ROM type. The built-in PROM types have a normal operating mode which provides 
the same functions as the mask ROM type and an EPROM mode used to write to the PROM. The pin 
functions depend on the mode. In normal operation mode, the pin functions are equivalent to the 
corresponding mask ROM type. Table 8.2.1 shows the function of each pin in EPROM mode. 


Table 8.2.1 Pin Description in EPROM Mode 





Pin Functions 
Vcc, Vss_|Power supply = |  ——_| Supply 5V+5% to Vcc and OV to Vss. 
CNVss Input Connect to Vee when programming or verifying. 
BYTE Input Connect to Ver when programming or verifying. 
RESET Connect to Vss. 
XIN Clock input Connect a ceramic or quartz crystal resonator 







between Xin and Xour. When an external clock is 


Xout Clock output used, the clock source should be connected to the 
Xin pin and the Xout pin should be left open. 
E Enable output Open. 


AVcc, AVss Analog power supply input aaa Externally connect AVcc to Vcc and AVss to Vss. 
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8.2 Functional Description 


Pin Input/Output Functions 
VREF Reference voltage input Connect to Vss. 


PQo~P07 The low-order 8-bit (A7~Ao) address input pins. 

Pto~P17 | Address input Input Plo~Pie are high-order 7-bit address input pins. 
Connect P17 to Vcc. 

P20~P27 /O 8-bit data (Do~D7) input/output pins. 

P30~P33 Connect to Vss. 


P4o~P47 | Input port P4 Connect to Vss. 


P5o~P57 Input P51 and P52 function as OE and CE input. Connect 
P50, P53, P54, and P5s to Vcc, and P5e and P57 to 
Vss. ; 
| 
| 














P60~P67 nput port P6 Input Connect to Vss. 
P7o~P77 | Input port P7 Connect to Vss. 
P80~P87 | Input port P8 Connect to Vss. 








RG 


AN7/ 
P83/ TxDo 


AVcc 


Vcc 
Ea > P80/ CTSo/ RTSo 


Sa] we PB1/ CLKo 


|S) 
|) 


P70 / ANo P8s/CTS1/ RTS 
P67/ TB2in P85 /CLK1 
P66/ TB1IN P86 / RxD1 
P6s/ TBOIN P87/ TxD 

P64/ INT2 POo/ Ao 

Pés/INTi PO1/ Ai 

P62/ INTo PO2/ A2 
P61/ TA4in P03 / As 

P60 / TA4out PO4/ As 
P57/ TA3in | POs / As 
P56 / TA3our POs / Ac 


Pes M37700E2-XXXFP Por Ar 


Pi1o/ As/ De 
P53/ TAIN P11/As9/ Ds 
P12/ A1o/ Dio 
Pi3/Ai1/ Dit 
P14/ Ai2/ Diz 
P1s/Ai3/ Dis 
P16/ A1s/ Dia 
Pi17/ A1s/ Dis 
P20/ A16/ Do 
P21/A17/ Di 
P22/ Ats/ De 


P52/ TAtour 
P51/ TAOiN 
P50 / TAQour 
P47 

P4e 

P45 

P44 

P43 

P42 /o 

P41/ RDY 


.~P23/ A19/ Ds 


LS | 


P32/ALE =~ |&| 


P27/A23/Dr =~ LS) 
«> |S | 


P3:1/BHE ~~ [&] 
P30/RAW ~*~ 


P33/HLDA «+> 


P2s/A21/Ds ~*~ (2 ] 
P24/A20/D4 + [8 | 


P26/ Az2/ De 


Outline 80P6 (One-time PROM type) 
80D0 (EPROM type) 





Fig.8.2.1 Pin Configuration 
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8.3 EPROM Mode Oo 
The EPROM mode is entered by pulling the RESET pin “L”. in EPROM mode, ports PO, P1, P2, P51, P52 
and pins CNVss and BYTE become EPROM pins (M5M27C256K equivalent) and read/write to built-in 
PROM can be performed in the same manner as for M5M27C256K. However, there is no device 
identification code. Therefore, program conditions must be set carefully. Xin and Xout pins must be 
connected to a clock (ceramic resonator or an external input). , 
Table 8.3.1 shows the pin assignments in EPROM mode and Figure 8.3.1 shows the pin connections in 
EPROM mode. 

The program area should specify the following: 


Addresses 40001e~7FFFie for M37700E2-XXXFP, M37700E2AXXXFP, M37700E2FS, M37700E2AFS 
Addresses 00001e~7FFFie for M37700E4-XXXFP, M37700E4AXXXFP, M37700E4FS, M37700E4AFS 


Table 8.3.1 Pin Assignments in EPROM Mode 


Built-in PROM type M5M27C256K 














Vcc Vcc Vcc 
Vpp CNVss, BYTE | Vpp 
Vss Vss | Vss 
Address input Ports PO, Plo~P16 Ao~A14 
CE P52 CE 
OE PS OE 


(1) Read 
To read the EPROM, set the CE and OE pins to “L” level and input the address of the data (Ao~A14) 
to be read. The data will be output to the !/O pins Do~D7. The data I/O pins will be floating when 
either the CE or OE pin is at “H”. 


(2) Write 
To write to the EPROM, set the OE pin to “H” level. The CPU enters the program mode when Vp 
is applied to the Vrr pin. Set the address to be written to with pins Ao~A14 and input the data to be 
written through pins Do~D7. The data is written when the CE pin is pulled to “L” level. 


(3 


al 


Erase (EPROM type only) 
The program is erased by exposing the glass window on top to an ultra-violet light having a wave 
. length of 2537 Angstrom. The light must be at least 15W:S/cm*?. 


Table 8.3.2 Input/Output Signals in Each Mode 


anno CE Data 1/O 
Mode pa [= Pw Te 


Read-out Output 


Output noe SV Floating 
disable ne ee Floating 








Programming Vit Input 
Programming verify a Output 
Program disable Vin Floating 





Note: An X indicates either Vit or Vin. 
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P70 / ANo 
P67/ TB2in 
P66/ TB1in 
P6s/ TBOin 

P6a/ INTa 

P63/ INT: 
- P62/ INTo 
P61/ TA4in 

P60/ TA4our 
P57/ TA3in 
P56 / TA3ourt 
P5s/ TA2in 
P54/ TA2out 
P53/ TA1in 


CE P52/ TAtout 
E> P51/ TAO 


P50 / TAQout 
P47 


P4é 

P45 

P44 

P43 

P42 /o 
P41/ RDY 








<a P7;:/AN: 





QO o 

Y 

2 

jem 

won aL 

S325 o« dd 
<tqaqdadadct < Oo fr 
~~~ nN ~~ N Ru BZ ~~ NON OS 
Sek EF KK KR FES#> EBS B 
OQaqaaa adware«dmteapeatroroaaada 
[77] [es] [rs 74) (73 72 7+} [79] [es| fea} [57] (s6] [ss] 


















54] ~—-» = PB4/CTS1/ RTS: 
—=— = P85/CLKi 





2) 






































P86 / RxD: at 
<-» P87/ TxD). ——_—__-———+ 
~~ > PQo/ Ao 
~a-m> = =—PO1/ Ai 
~— PO2/ Ae Che» 

7} =» POs3/A3 ——CAs) 
~~ =POs/ As -— ei 
=~ P0s/As = 
~~ PO«/ Ac — CAs) 
m= = PO7/ Az CA7> 

M37700E2-XXXFP Le ee 
> P11/Ao/ Da 
—-— =P12/Ai0/Dio9 ————---—— Ary 
—— = =P13/Ain1/Di1 Ain 
——e =P14/ Ai2/ Dia 
—— > =P15/A13/Di3 Ais 
~——e Pig/Ars/ Drs 


we =P17/ Ais/ Dis 


=~ P20/A6/D) ———————_CTb 


<> P21/A17/Di 


~~ P22/ A1a/ De Te 
“= P23/ Ais/Ds —-———--—CDs) 


| 

















7 ke| Es] 30 bt se] bs] | 35] 36 [7] [| 39] |40 


P32 / ALE 
P3:/BHE 


P30 / R/W 


CDs>——— P26/A22/De +> 


Wee) 
Ce 
Css Kons 
CO7)>——— P 27/ Aes / Dr 
CDs)———— P2s/ Az1/Ds + 
CDs). P2a/ Azo / De 

















Outline 80P6 


* : Connect to ceramic oscillating circuit. 


C >: Same function as EPROM (M5M27C256K). 


Fig.8.3.1 Pin connections in EPROM Mode 
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8.4 Fast Programming Algorithm | a 
To program the built-in PROM type using a fast programming algorithm, first set Vcc=6V, Ver=12.5V, and 
address to 016. Then apply a 1ms write pulse, check that the data can be read, and if it cannot be read, 
repeat the procedure until the data can be read. Record the number of pulses applied (N) before the data 
was read and then write the data again, further applying three times the number of pulses (3 x N ms). 
When this series of write operation is complete, increment the address and repeat the above procedure 
until the last address is reached. 

Finally, after writing to all addresses, read with Vcc=Ver=5V (or Vcc=VrPe=5.25V). 


START 
ADDR=First location 


Vcc =6.0V 
Vere=12.5V 


Program one pulse of 1ms 


Program / Verify FAIL | Device 
one byte | failed 


Program pulse 
of 3Xms duration 


Increment ADDR Last ADDR? 


YES 
Vec =Vpr =5.0V" 


PASS 


FAIL | Device 
failed 
DEVICE PASSED 


| | * + 4.75VsVcc=Ver<5.25V 
Fig.8.4.1 Fast Programming Algorithm Flow Chart 
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Fast Program Operation 
Table 8.4.1 AC Electrical Characteristics (Ta=25+5°C, Vcc=6V+0.25V, Ver=12.5+0.3V, unless otherwise noted) 




















tas Address setup time 2+—__}+— Ws 
toes OE setup time 2 as S 
tos [Datasetuptime 
tan Address hold time 2}; Us 
tor 2 | | | us 
torp Output enable to output float delay | oo | | 4130. | ns 
vee Wes setupalime i er ae 
tves [Ver setup time CT ts 
tepew _—*s| CE initial program pulse width 0.95 1 ms 
topw CE over program pulse width _ ae 2.85 ms 
toe Data valid from OE ns 





VERIFY 





vs 


lier Ve 
tid 


ADDRESS 
Vin 


Vin/Vou 





DATA OUTPUT 


DATA SET VALID 


Vit/Vor 


mE 

















Fig.8.4.2 Fast Programming Timing Diagram 
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8.5 Notes 

8.5.1 Notes on all built-in PROM types 

High voltage is required to write to the built-in PROM. However, be careful not to apply excessive 
voltage. Be especially careful during power-on. 


8.5.2 Notes on one-time PROM type 

User programmable one-time PROM types (M37700E2FP, M37700E2AFP, M37700E4FP, and 
M37700E4AFP) are not given write test and screening after assembly. 

To improve their reliability after writing, we recommend that they are written and tested as shown in the 
flow diagram below before use. 


Writing with PROM writer 
Screening (Note) 
(Leave at 150°C for 40 hours) 


Verify test with PROM writer 


Note : The screening time must be less than 100 hours, because the temperature during screening 





(150°C) is higher than the recommended maximum storage temperature (125°C). 
Fig.8.5.1 Recommend Flow Diagram 


8.5.3 Notes on EPROM type 

-Cover the transparent glass window during read mode because exposing to sun light or fluorescent 
lamp can cause the information to be erased. 

*A shield to cover the transparent window is available from Mitsubishi. Be careful that the shield does 
not touch the microcomputer lead pins. 

«Clean the transparent glass when erasing. If the window is unclean, erasing may be incomplete. 

*The EPROM type is enclosed in an 80-pin ceramic LCC package. However, a special IC socket can 
be used to make the foot pattern similar to the 80-pin QFP type so that it can be used as a prototype 
for the mask ROM type. 
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CHAPTER 9.M37701M2-XXXSP 





9.1 Description 


The M37701M2-XXXFP is a 16-bit single-chip microcomputer designed with high-performance CMOS 
silicon gate technology. It is housed in a 64-pin shrink plastic molded DIP. 

This single-chip microcomputer has a large 16M-byte addressable space, three instruction queue buffers, 
and two data buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can 
also be switched to perform 8-bit parallel processing. This microcomputer is suitable for office, business, 
and industrial equipment controllers that require high-speed processing of large data. 


AVcc 
VREF 
AVss 


P77/AN 7/ AD tre 


P72/AN2 


~P7,/ANy 


P7o/ AN o 
P6;,/TBOw 
P64 / INT 2 
P63/INT1 
P62/ INT o 
P57/TA3 in 
P56/TA3 our 
P55/ TA2 in 
P5 4/ TA2 out 
P53/ TA in 
P52/ TA1 our 
P51/ TAO in 
P50/ TAO our 
P4, 
P4./9 
P4,/RDY 
P4) / HOLD 
BYTE 
CNVss 


RESET 


Xin 
X out 
= 
Vss 
P32 /ALE 
P3, /BHE 


—> [ae] 
—> 7] 
+— Be 


+— ey 


30 | 
+e [at 
P22 | 


= 
GO 
~J 
~] 
© 
wash, 
= 
y 
< 
< 
>< 
” 
"~ 





Outline 64P4B 


Fig.9.1.1 M37701M2-XXXSP Pin Connection 


~J 


ad 


~~ 


wJ 


Vec 
P80/ CTS 0o/ RTS o 
P8;/CLKo 
P82/RxD o 
P83/ TxD 0 

P8 .5/RxD ,; 
P87/TxD ; 
PO,>/Aog 
PO,/A, 
PO2/A?2 
PO03/A3 
PO,/A4 
PO5/As5 
PO6/Ag 
PO7/A7 
P1ig/Ag /Dea 
P1;,/Ag /Dog 
P12/Ai9 /D io 
P13/A41/D 44 
P14/Ay2/Di2 
P15/Ai3 /D 43 


P1¢6/A1q4/D 44 


P17/Ai5 /Di5 
P259/Aig /D o 
P21/Ai7/D 4 
P22/Aig /D 2 
P23/Ai9 /D 3 
P24/A20/D4 
P25 /A21/D5 
P2, /A22/De 
P27/A23/D7 
P3, /R/W 
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9.2 M37701 Family 

The M37701M2-XXXSP of products is equal to the M37700M2-XXXFP enclosed in a 64-pin shrink plastic 
molded DIP. The M37701 family includes the types shown in table 9.2.1. All of these types are pin 
compatible with each other. Only the memory type, size, and operating clock are different. The user can 
select the element best suited for his use. 


Table 9.2.1 M37701 Family 


Type name ROM size (bytes) RAM size (bytes) Clock frequency (MHz) 




































































M37701M2-XXXSP 512 8 
M37701M2AXXXSP 16K (Mask ROM) | B12 ee 16 
M37701SSPo0 | ; ue OE oe 8 
M37701SASP a — o120 16 
M37701E2-XXXxSP | 16K (One-time PROM) 512 2 8 
M37701E2AXXXSP 16K (One-time PROM) | 512 | TT 16 
M37701M4-XXXSP 32K (Mask ROM) 2048 —_ 8 
M37701M4AXXXSP 32K (Mask ROM) __ 2048 16 
M37701S4SP | _ — _ 2048 [ 8 
M37701S4ASP 2 — 2048 16 
M37701E4-XXXSP_ | 32K (One-time PROM) 2048 ia 8 
M37701E4AXXXSP 32K (One-time PROM) | 2048 | 16 
9.3 M37701M2-XXXSP Characteristics 
@NUMbBEr Of “DASIC INSWUCHONS cis sicce recede lssdienhaicanitona eteasaeunshetor eed deus tdiaatunatadaninnswetalachianseuesan ecieaneee. 103 
@Memory size 2 1 eee eee ante ee eg eo Cr ee ee ere ee ene eee Ore rere 16K bytes 
Bhd asa ct cetertate aah Natl Mathe aeetact ete tt Oa ape steadier he ances Seat ah: 512 bytes 
@instruction execution time (shortest instruction at BMHZ) 00.0... eee eee eee eee ceeenteeeesaaeeeeeneeees 500ns 
@BSINGIS-DOW GET SUD ONY re arrececcieset taste ee eek igs Dero en ae ee aie cert Gd sk ean Si heater agent oiucs 5Vt10% 
OLOw Dower ‘GISSIPation:-(at-SMIAZ) sc: iscnaieis ccs oda his vena cites ea ada ea eee aeane 30mW (Typ.) 
Ea] Hed Ab | ©) ecg ene ean ve een eee ate eee eee Rene eee Reece meas Orne oe renee eee 19 sources, 7 levels 
MUU CHO R 16- OIE THAVCE Sesser te hescs cadet tas toe seh atent oe iceatitca aes Soe tanee ee Mea Se aunaanitee sl ane edaeea 44+1+3 
Sod ic aN | AO eee ee meee eRe ere eee ee NS RN TRE: ROOT at SEE Ao RPMI PEO en aerial Oe ee Pe gee Pee ene 2 
OS -DiE ALD: COD VOICE aceasta ri nitrated sites ha its si eerereeaeed etn cass Sa des toto mee a apeaeameees icine ere eoasaeas 4 channel input 
@Watchdog timer 
@Programmable |/O (ports PO, P1, P2, P3, P4, P5, P6, P7, and P8) ou... cecteecceceeeeseeaeeeaeeeaes 53 
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9.4 M37701M2-XXXSP Performance Overview 
Table 9.4.1 shows the performance overview of the M37701M2-XXXSP. 


Table 9.4.1 M37701M2-XXXSP Performance Overview 














Parameters Functions 
ee Te Te RPDS EGE SE Ce A Se Pe aE PS eres Ser AE fed LEA ee ee 
Number of basic instructions 103 
Instruction execution time M37701M2-XXXSP 500ns (shortest instruction at 8MHz frequency) 








M37701M2AXXXSP 250ns (shortest instruction at 16MHz frequency) 


M37701M2-XXXSP 8MHz (maximum) 





Clock frequency 


M37701M2AXXXSP 16MHz (maximum) 


Memory size ROM 16384 bytes 
RAM 512 bytes 












































Input/Output ports Ports PO, P1, P2, P5 8 bits x 4 
Port P8 6 bits x 1 
Ports P4, P6, P7 4 bits x 3 
| Port P3 3 bits x 1 
Multi-function timers TAO, TA1, TA2, TA3, TA4 16 bits x 5(4 with 1/0 functions and 1 internal timer) | 
TBO, TB1, TB2 16 bits x 3(1 with I/O functions and 2 internal timers) 








Serial |/O Clock asynchronous Serial I/O x 2 
| (UARTO can also be used as clock synchronous) 
A-D converter 8 bits x 1 (4 channels) 
Watchdog timer 12 bits x 1 
Interrupts 13 external, 16 internal (priority levels 0 to 7 


can be Set for each interrupt with software) 












































1B 


Clock generating circuit 


uilt-in (externally connected to a ceramic 
resonator or quartz crystal resonator) 














Supply voltage 


5V+10% 








Power dissipation 





Input/Output characteristics {Input/Output voltage 


Output current 





Memory expansion 
Operating temperature range 





30mW (at external 8MHz frequency) 





5V 
5mA 
Maximum 16M bytes 








—10 to 70°C 





Device structure 








CMOS high-performance silicon gate process 





Package 





64-pin shrink plastic molded DIP 


9.5 Differences Between M37701M2-XXXSP and M37700M2-XXXFP 





9.5 Differences Between M37701M2-XXXSP and M37700M2-XXXFP 
Table 9.5.1 shows the differences between M37701M2-XXXSP and M37700M2-XXXFP. 


Table 9.5.1 Differences between M37701M2-XXXSP and M37700M2-XXXFP 








































































































A-D converter 





Functions M37700M2-XXXFP 
I/O ports 53 (in single-chip mode) | 68 (in single-chip mode) 

Port PO _—*8 bits 8 bits 

Port P1 8 bits 8 bits ; 

Port P2 8 bits 8 bits | ; 

Port P3 3 bits (P33/HLDA unavailable) 4 bits _ 

Port P4 © 4 bits (P4s~P4e unavailable) _ 8 bits _ 

Port PS | 8 bits | : 8 bits | 

Port P6 4 bits (P60, P61, P6és, and P67 unavailable) |8 bits ; 

Port P7 4 bits (P73~P7e unavailable) _ Fi 30) ©) ae ee 

Port P8 —s: | 6 bits (P84 and P8s unavailable) (8 bits 

_ Timers 16 bitsx8 |16 bits x 8 

Timer A |TAO | Timer I/O pins available Timer I/O pins available 
TA1 |Input=TAtin, output=TAtout (i=0~3) Input=TAtn, output=TAiout (i=0~4) 
TA2 

= __|TA4 | Internal timer (TA4in and TA4our unavailable)); 

Timer B {TBO | Timer input pin (TBOin) available Timer input pin (TBiin) available 
TB1 |Internal timer (TB1in and TB2in (i=O~2) 
TB2 |unavailable) 

Serial I/O ‘|e ge a 
UARTO Clock asynchronous/synchronous ‘Clock asynchronous/synchronous 
serial I/O ; - [serial VO 
UART1 Clock asynchronous Serial |/O Clock asynchronous/synchronous 


{serial /O 





One 8-bit resolution 
4-channel analog input pin 
ANo, AN1, AN2, AN?z 
(ANs~ANe unavailable) 
Note : Pin AN7 is in common with 
external trigger pin. 


One 8-bit resolution 
8-channel analog input pin 
ANo, AN:, AN2, ANs 
AN«a, ANs, ANe, AN7 
Pin AN7 is in common with 
external trigger pin. 


Note : 





Package 








| 64-pin shrink plastic molded DIP (64P4B) 


'80-pin plastic molded QFP (80P6) 
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9.6 M37701 Functional Description 

The internal circuit of the M37701M2-XXXSP is identical to that of the M37700M2-XXXFP including the 
control registers and memory allocation in SFR area. However, since the M37701M2-XXXSP has only 64 
pins, some I/O pins are not provided externally. Therefore, there are some restrictions in the 1/O ports 
and built-in peripheral device functions. Otherwise it can be used in the same manner as the M37700M2- 
XXXFP. The precautions when using each function are as follows. 


9.6.1 A-D converter 

The analog selection bit in the A-D control register must be “000”, “001”, “010”, or “111” because analog 
inputs are ANo~ANez and AN? (four channels). 

The A-D conversion time for sweep mode is the same as that of the M37700 family. The contents of 
A-D registers 3~6 are unpredictable in sweep mode. 


9.6.2 Timers 
Timers TA4, TB1, and TB2 are internal timers without I/O. Do not select the timer I/O functions for the 
I/O pins in the timer Ai (i=4) or Bi (i=1, 2) mode register. 


9.6.3 Serial I/O | 

UART1 can only be used in UART mode. It cannot be used in clock synchronous serial !/O mode. 
Therefore, the serial |/O mode selection bit in the UART1 transmission mode register must not be set 
to “O01”. — 3 

The CTS/RTS selection bit in the UART1 transmission control register 0 must be set to “1” (this bit is 
set to “O” at reset). 


9.6.4 Ports 3 

The port registers and data direction registers for ports P4, P6, P7, and P8 contain 8 bits. However, the 
bits in the data direction register with no corresponding pins must be set to “1” (output) and in the port 
register must be set to “OQ” (the data direction register is set to “O” at reset). This is also required when 
using special functions such as timer |/O. 
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APPENDIX 1.0UTLINE DRAWING 





1.80-pin plastic molded QFP (Type name:80P6) — 
| Dimension in mm 
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2.80-pin ceramic LCC (Type name:80D0) 
Dimension in mm 
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3.Outline of EPROM Type IC Socket (YAMAICHI ELECTRIC MFG. CO., LTD, Type name : IC61-0804-034) 
Dimension in mm 
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Sample printed circuit foot pattern dimensions 
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4—1.Outline of EPROM Type IC Socket (MITSUBISHI ELECTRIC CORPORATION, 80LCC-046) | | 
| | Dimension in mm 
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4—2.Outline of EPROM Type IC Socket (MITSUBISHI ELECTRIC CORPORATION, 80LCC-046) 
Dimension in mm 
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Sample printed circuit foot pattern dimensions 
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APPENDIX 1.OUTLINE DRAWING 


5.Outline of One-time PROM Type IC Socket (YAMAICHI ELECTRIC MFG. CO., LTD, Type name : IC138-080-003-S5) 
: Dimension in mm 
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APPIENIDIX 2 
SETTING OF 
UNUSED PINS 


APPENDIX 2.SETTING OF UNUSED PINS 





1.Setting of unused pins in single-chip mode 


Pin | Setting 
Ports PO to P8 Set to input mode and connect to Vss through a resistor (pull-down) 
E, Xout (Note 1) Open | 
AVcc Connect to Vcc or Vss 
AVss, Vrer, BYTE Connect to Vss 


Note 1: When external clock is input to Xi. 


2.Setting of unused pins in memory expansion and microprocessor mode 
Pin Setting 
Ports P4e~P47, P5~P8 Set to input mode and connect to Vss through a resistor (pull-down) 
BHE (Note 2), ALE (Note 3),] Open 
HLDA, Xout (Note 4) 








HOLD, RDY Connect to Vcc through a resistor (pull-up) 
AVcc Connect to Vcc or Vss | 
AVss, VREF Connect to Vss 


Note 2: When BYTE="H". 
Note 3: When BYTE="H” and address space is 64K bytes. 
Note 4: When external clock is input to Xin. 


| Ports 
P42~P47,P5~P8 
(Input mode) 


Ports PO~P8 
(Input mode) 


BHE 
ALE 
HLDA 





Single-chip Mode Memory Expansion and Microprocessor Mode 
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APPENDIX 3. M37700 FAMILY PERFORMANCE OVERVIEW 





1.M37700 family common performance 
The following table shows the performance common to the M37700 family. 





Parameters Functions 
Programmable 1|/O ports 68 in single-chip mode (Note) 
Interrupt sources 3 external types, 16 internal types 





Built-in | Timers 16-bit timer x 5 
devices 16-bit timer x 3 
Serial 1/O (UART or clock synchronous) x 2 


A-D converter bit A-D converter (8 channel) 


















































Watchdog timer 12 bit x 1 
Clock generating circuit Built-in (externally connected to a ceramic resonator or quartz crystal resonator) 
Power dissipation _|SOmWw (at external 8MHz frequency) 
Input/output voltage Walch | 
Output current 5mA 
Memory expansion : 16M bytes maximum 
Operating temperature range —10 to 70°C © 
Device structure CMOS high-performance silicon gate process 


Note: 38 during memory expansion mode and microprocessor mode and for external ROM version. 


2.Difference in external clock input frequency by type 
All types of the M37700 family are available in 8MHz external clock input version and 16MHz version 
(high-speed). 

































External clock input EPROM version 
8MHz (max.) M37700M2-XXXFP M37700SFP - M37700E2-XXXFP M37700E2FS 
M37700M4-XXXFP | M37700S4FP M37700E4-XXXFP M37700E4FS 

16MHz (max.) | M387700M2AXXXFP M37700SAFP M37700E2AXXXFP M37700E2AFS 
M37700M4AXXXFP M37700S4AFP M37700E4AXXXFP M37700E4AFS 


The shortest instruction execution time .....500ns at f(Xin) input frequency 8MHz | 
250ns at f(Xin) input frequency 16MHz (High-speed version) 
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3. Memory characteristics and size by type 
The following table shows the difference in memory characteristics and size by type. 


Memory size (Byte) 
ROM...16K 
RAM...512 

ROM...External 
RAM...512 
ROM...32K 

RAM...2K 
ROM...External 
RAM...2K 

















Mask ROM | One-time PROM EPROM 
M37700M2-XXXFP M37700E2-XXXFP M37700E2FS 
M37700M2AXXXFP M37700E2AXXXFP M37700E2AFS 

M37700SFP a . == a 

M37700SAFP — — 
M37700M4-XXXFP ~ M37700E4-XXXFP : M37700E4FS 
M37 700M4AXXXFP M37700E4AXXXFP_ | _- M37700E4AFS 

M37700S4FP — — 

M37700S4AFP — — 








Note that the operating voltage differs as follows according to the built-in ROM type. 





ROM Type 
Mask ROM type 
External ROM type 





Operating Voltage 
5V+10% 








One-time PROM type 
EPROM type 





5SV+5% 





4.External ROM types 
The external ROM types have the same RAM size, function, and electrical characteristics as the follow- 
ing mask ROM size in microprocessor mode. 










































Type name Operating clock 
M37700SFP M37700M2-XXXFP_| 512 bytes 8MHz 
M37700SAFP M37700M2AXXXFP__| _——i512. bytes _ 16MHz 
M37700S4FP M37700M4-XXXFP 2048 bytes 8MHz 
M37700S4AFP M37700M4AXXXFP 2048 bytes 16MHz 
5.Package 


All types except the EPROM type are packaged in an 80-pin plastic molded QFP (type name: 80P6). The 
EPROM version is packaged in a ceramic LCC (type name: 80D0). 
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APPENDIX 4. M37700 FAMILY MEMORY MAP 





1.Memory map in single-chip mode 


Internal RAM 
(512 bytes) 


Internal RAM 
(2048 bytes) 


Not used 


C000i6 Internal ROM 


(32K bytes) 
Internal ROM 
(16K bytes) 


FFFFie 






































~ No. | Type name Internal ROM type 
(A) | M37700M2-XXXFP/M37700M2AXXXFP _ se Sate Mask ROM 
M37700E2-XXXFP/M37700E2AXXXFP _ __ One-time PROM 
M37700E2FS/M37700E2AFS _ EPROM 
(B) M37700M4-XXXFP/M37700M4AXXXFP __ : Mask ROM 
M37700E4-XXXFP/M37700E4AXXXFP | One-time PROM 
M37700E4FS/M37700E4AFS EPROM 
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2.Memory map in memory expansion mode 


FFOOOOt1. 
Bank 255 
FFFFFFi6 


No. 


Internal RAM 
(512 bytes) 


External 
memory 
area 


Internal ROM 
(16K bytes) 


External 
memory 
. area 





800016 


FFFFi6 


FFFFFFi6 





External memory area 


Internal RAM 
(2048 bytes) 


External SFR area 


memory 
area 


Internal ROM 
(32K bytes) 


External 
memory 
area 





Internal ROM type 






































M37700M2-XXXFP/M37700M2AXXXFP [ Mask ROM 
M37700E2-XXXFP/M37700E2AXXXFP _ One-time PROM 
M37700E2FS/M37700E2AFS EPROM 

M37700M4-XXXFP/M37700M4AXXXFP Mask ROM 
M37700E4-XXXFP/M37700E4AXXXFP One-time PROM 
M37700E4FS/M37700E4AFS EPROM 
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3.Memory map in microprocessor mode (and external ROM type) 


Internal RAM 


External memory area 
(512 bytes) 


Internal RAM 
(2048 bytes) 


SFR area 


External 
memory 
External 
memory 
area 
(Note) 


_ 
FFFFFFie FFFFF Fie 





No. Type name 
(A) M37700SFP/M37700SAFP 
M37700M2-XXXFP/M37700M2AXXXFP (microprocessor mode) 
M37700E2-XXXFP/M37700E2AXXXFP (microprocessor mode) 
M37700E2FS/M37700E2AFS (microprocessor mode) 
(B) M37700S4FP/M37700S4AFP 
M37700M4-XXXFP/M37700M4AXXXFP (microprocessor mode) 


M37700E4-XXXFP/M37700E4AXXXFP (microprocessor mode) 
M37700E4FS/M37700E4AFS (microprocessor mode) 
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PENDIX 5.SFR AREA MEMORY MAP 


_ Address (Hexadecimal notation) Access 
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00000016 


[lea ROIS (Tk! 
eg 


00000216 jPort PO register 


000003. 
000004 
000008. 
0000061 
000007; 
000008 
0000S Port PS data direction register | > | 
000008 
00000Bie |Port P5 register RW | 
00000Cis 
000000 


OOOO0Ets |Port P6 fedister 


00000F 
00001 01s [Port P6 data direction register | RW. 
00001 
000012 
o0001def 
00001 


oo01Se{ SS SSCSCSC~S~sdCS 
































oe ee 
ae ow = 
—-——<—— = 


00001 Die 
00001 Ete 
00001 Fie 
00002016 
00002116 
00002216 
00002316 
00002416 
00002516 
00002616 
00002716 
00002816 
00002916 
00002Ai6 
00002Bi6 
00002Ci6 
00002Di6 
00002E16 
00002Fie 


A-D control register 


ee 
Dreger SSR 
Fe a 
Dregs? —SCS~S~wR 
ee ed 


A-D register 2 | RO | 


ee 
ADregsiers ——SCS~RO 
aT Oe 
Dregs’ ———S~S~S RO 
ae Weal 
ADregsiers ——S~«~RO 
7 


a cams 

RDregsieré_——S~dRT 
ee ee 
RDregsier?7_——SSSCS~*dRO 
ee 













RO: Read only 
WO: Write only 
RW: Read/Write 
?: Definite when read 


b7 b6 bd5 b4 b3 b2 bi 


[oT 8] 8] [RW IRWTAWRW. 


b7 b6 b5 b4 b3 b2_ bt 
ro TOT 0 [0 [RWIRW[RW[RW 


The high-order 4 bits of the port 3 
register and port P3 data direction reg- 
ister are write prohibited and always 
return “O” when read. 

The CLB and SEB instructions can be 
used. — 


Address (Hexadecimal notation) Access 


000030i6 | UART 0 transmit/receive mode register 
00003116 | UART 0 baud rate generator 


00003216 : 


00003316 
es 









UART 0 transmission buffer register 


00003416 | UART 0 transmit/receive control register 0 


00003516 | UART 0 transmit/receive control register 1 | > | 


eeinicell UART 0 receive buffer register mio) 
H 


00003716 
000038:6 |UART 1 transmit/receive mode register 
UART 1 baud rate generator 


00003916 
UART 1 transmission buffer register : 


00003AI6 
00003Bi6 


00003C16 
L 
UART 1 receive buffer register ie) 
A 


00003D16 
Count start flag 


00003E16 
One-shot start flag 


00003Fie 
00004016 
Up-down flag | 


00004116 
00004216 
00004316 
00004416 
oo004e[ 
00004616} _. L 
00004716 Timer AO register 7 
eee Timer A1 register : 
, L 
Timer A2 register 7 
, L 
Timer A3 register 7 
L 
Timer A4 register 7 
, L 
Timer BO register 7 
, , L 
Timer B1 register ¥ 
L 
Timer B2 register 7 




















00004916 
00004At6 
00004Bie 
00004Ci6 
00004Die 
00004Et6 
00004Fie 
00005016 
00005116 
00005216 
00005316 
00005416 
00005516 


The high-order 4 bits of the UARTi 
transmit/receive control register 0 are 
write prohibited and are unpredictable 
when read. 

b7 b6 b5 b4_ b3_ b2_ bt 


CT? 1? |? [RO [RW RW RW. 
|RO}RO | RO} RO[RO |RW] RO|RW 


roo oO po Lope] 0 [Ao 
The UARTi receive buffer register is 
write prohibited and the high-order 7 
bits are always “0” when read. 









b7 b6 bd b4 b3 b2 bi 


rT? |? [2 [RO] RW RW RW, 
eae 


b7 b6 bd b4 b3 b2_ bt 











b7_ b6 b5 b4 b3 b2_ bt 
WoWO[WOTAW]aW]RWDAW]AW 
The high-order 3 bits of the up-down 
flag are write only. The CLB and SEB 
instructions can be used. 


RO: Read only 
WO: Write only 
RW: Read/Write 
?: Definite when read 
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Address (Hexadecimal notation) Access 
000056 
00005716 
000058 
000059. 
00005A\6 Timer A4 mode register | RW | 
000058 
00005C16 






00005Di6 


Timer B2 mode register 
00005E:6 | Processor mode register 
cy OTN 


00006016 | Watchdog timer 


00006116 | Watchdog timer frequency selection flag 
00066 Cd CS 












00006Fie 


(eccenencaeannaAT 
000070 
0000711 
000072 [UART O receive interrupt contolregister [RW 
0000731 
000074 
000075 
000076. 
000077% | Timer AZ interrupt control register__[ AW. 
000078 
000079 
00007Ar 
000078 
00007Cre 
00007D i 
000076 
00007Fi 


00008016 


Internal RAM 
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RO: Read only 
WO: Write only 
RW: Read/Write 
?: Definite when read 


b7 b6 b5 b4 b3 b2 bi 


Bit 3 of the processor mode register is 
write only. The CLB and SEB instruc- 
tions cannot be used to change the 
content of this register. Use LDM or 
STA instructions instead. 


APPENDIX © 
CONTROL REGISTERS 


APPENDIX 6.CONTROL REGISTERS 





The bit configurations of each control register allocated in the SFR area are shown on the following 
pages. Each table shows the bit names, functions, content when reset is deactivated, and bit attributes. 


* Bit attributes: Each bit in the control register is either read only, write only, or read/write. The following 
abbreviations are used to indicate the attribute. | 


R: read 

W: write 

©: Allowed 

xX: Not allowed 


If an attempt is made to write to a read only bit, the data is not written. If a write only 
bit is read, the result is definite. 


1.Port Pi data direction registers (i=0~8) 


b7 b6 b5 b4 b3 b2 b1 b0 


Port Pi data direction register | 
(Addresses 0416,0516,0816,0916,0C16,0D16,1016,1116,1416) 


Bil Btname [Functions «se RW 
[o [Por Piodata drecton register | Oirpul mode 

a 
[6 [Por Pie data drecton register 


Note: The high-order 4 bits of port P3 data direction register are write prohib- 
ited and these bits will always return “O” when read. 
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2.A-D control register 


b7 b6 b5 b4 b3 b2 bi b0 


fede ee ee A-D control register (Address 1E16) 


Analog input selection bits 
‘Select ANo 
ni ‘Select AN: 


‘Select ANe2 
‘Select AN3 
‘Select AN4 
‘Select ANs 
‘Select ANe 
‘Select AN7 (Note) 


4234300000 
32300-3009 
42=0O20=0-08 


A-D mode selection bits b4b3 
0 0: One-shot mode 
0 1: Repeat mode 
1 0: Single sweep mode 
1 1: Repeat sweet mode 





A-D conversion start flag 0: Stop A-D conversion 
1: Start A-D conversion 


A-D conversion frequency (aap) | 0 : Select f(xin/8 
selection flag 1: Select fxin/4 





1 
2 
Trigger selection bit 0 : Software trigger (internal trigger) 
<) 1 : ADtac input trigger (external trigger) 


Note: Pin AN7 cannot be used as analog voltage input pin when an external 
trigger is selected. 


3.UARTi transmit/receive mode registers (i=0, 1) 


Be > oS ee UARTO transmit/receive mode register agiess aac 


Pa Lb UART1 transmit/receive mode register (Address 3816 


0 :Serial I/O prohibited 
1 :Clock synchronous serial I/O 
O :This cannot be available 
| 1 :This cannot be available 
0 :7-bit UART 
1 :8-bit UART 
0 :9-bit UART 
1 :This cannot be available 
Internal/external clock selection bits 0: Internal clock 
3 1 : External clock 
Stop bit length selection bit 0 : One stop bit 
4 |(in UART mode) 1: Two stop bits 
Odd/even parity selection bit 0 : Odd parity 
5 |(in UART mode) 1 : Even parity 
Parity enable bit 0: Parity disabled 
(in UART mode) 1: Parity enabled 


Sleep function selection bit 0: Sleep function disabled 
7 \(in UART mode) 1: Sleep function enabled 


Note: Bits 4 to 6 are ignored in clock synchronous mode. 
Bit 7 must be “O” when using clock synchronous mode. 
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4.UARTi transmit/receive control register 0 (i=0, 1) 


b7 b6 b5 b4 b3 b2 b1 bO | ; 
a ee TTT. UARTO transmit/receive control register 0 (Address 3416) 
Es ee UART1 transmit/receive control register 0 (Address 3Cie) 









Bit name 


b1b0 

O 0 :Select f(xin/2 (fz) 

O 1 :Select f(xiny/16 (f16) 

1 0 :Select fxin/64 (fea) 

1 1 :Select f(xin/512 (f512) 


0 : Data in transmission register 
(transmitting) — 

1 : No data in transmission register 
(transmit complete) 


These bits cannot be written to because no memory is allocated. 
The result of reading these bits is indefinite. 


5.UARTi transmit/receive control register 1 (i=0, 1) 


b7 b6 bd b4 b3 b2 bi bd 


UARTO transmit/receive control register 1 (Address 3516) 
UART1 transmit/receive control register 1 (Address 3D16) 


Bi[Bitname ST Cunctions ese 
Transmission enable flag 0 : Transmission disable 
1: Transmission enable 
Transmission buffer empty flag Q : Data in transmission buffer register { 
1 : No data in transmission buffer register 
eceive enable flag 0 : Receive disable 
1 : Receive enable 














} } ale 
. Ox 
aie lo 
3 Receive completion flag 0 : No data in receive buffer register x 
1 : Data in receive buffer register 
4 Overrun error flag 0 : No overrun error x 
1 : Overrun error occurred 
5 Framing error flag 0: No framing error x 
(in UART mode) 1 : Framing error occurred 
Parity error flag 0: No parity error x 
(in UART mode) 1: Parity error occurred | 
7 Error sum flag 0: No error x 
(in UART mode) 1 : Error occurred 
Note: Bits 5 to 7 are ignored in clock synchronous mode. 
Each error flag'is cleared to “O” when the receive buffer register is read. 
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6.Count start flag 


b7 b6 b5 b4 b3 b2 bi bO 


| | [ | { | [| | Count start flag (Address 40:6) 


Ea 
0 | Timer AO count start flag 0:Count stop 
1 | Timer At count start flag 1-Count start 


Timer A2 count start flag 


Timer AB count start ag 
re Timer AB count star fag 





7.One-shot start flag 


b7 b6 b5 b4 b3 b2 b1 b0 
ee aie One-shot start flag (Address 4216) 


[0 Timer AO one-shot start fag | 'One-shot stan <2 
ro 


3 | Timer A3 one-shot start flag oy 
4 | Timer A4 one-shot start flag AO 


These bits cannot be written to because no memory is allocated. 
The result of reading these bits is unpredictable. 





This bit must be set to “0”. ee 


Note: Do not use ready-modify-write type instructions such as CLB and SEB 
for these registers. Use LDM or STA instructions to write to these reg- 
isters. 
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8.Up-down flag 


b7 b6 b5 b4 b3 b2 bi b0 | 


Rake dee ae Up-down flag (Address 4416) 


ro [Timer ADup-down fag 


Timer A2 two-phase pulse signal 
© | processing selection bit 


Timer A3 two-phase pulse signal 
processing selection bit 
Timer A4 two-phase pulse signal 
7 | processing selection bit 


Note: The high-order 3 bits of this register are write only, but read-modify- 
write type instructions such as CLB and SEB can be used. 









Functions A 


0:Down count 
1:Up count 



























0:Two-phase pulse signal 

processing disable 
1:Two-phase pulse signal 
processing enable 
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9.Timer Ai mode registers (i=0~4) 


b7 b6 bS b4 b3 b2 bi bOd 


Pe hk eo le Timer Ai mode register (Addresses 5616~5Aie) 


Bit name 


Timer Ai mode selection bits b1b0 
0 0:Timer mode 
0 1 :Event counter mode 
1 0 :One-shot pulse mode 
1 1:PWM mode 









The meaning of these bits depend on the timer operation mode. 


Count source selection bits b7b6 
0 0 :Select f(xiny/ 
0 1 :Select f(xiny/ 
1 0 :Select f(xin/ 
1 1 :Select f(xin/ 


fa) 
(fie) 
(fea) 


( 
6 
4 
12 (f512) 


2 
1 
6 
fs) 


(1)Timer mode 


b7 b6 b5 b4 b3 b2 b1 b0 


fe PO! fe peep O10: Timer Ai mode register <Timer mode> 


Gs Timer Ai mode selection bits b1b0 
0 0 :Timer mode 


Pulse output enable bit 0:Disable 
2 1:Enable 
3) Gate function selection bit b4b3 


0 X :Gate function disabled 
1 0 :Timer operates while TAiin input is “L” 
1 1 :Timer operates while TAiin input is “H” 


This bit must be set to “0” 


Count source selection bits b7b6 
0 0 :Select f 
0 1 :Select f 
1 0 :Select f 
1 1 :Select f 














1%) 








Xin)/2 (f2) 
XinN)/16(f16) 
XiN)/64 (fea) 
XIN)/512 (f512) 


ae 
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(2)Event counter mode 


b7 b6 b5 b4 b3 b2 b1 bO0 


Timer Ai mode register <Event counter mode> 





i|___Binamo «dC non 


i 
Gi Timer Ai mode selection bits b1b0 
0 1 :Event counter mode 
Pulse output enable bit 0:Disable 
2 1:Enable 
Count polarity selection bit 0:Count at the falling edge of the input signal 
3 1:Count at the rising edge of the input signal 
Up-down switching factor selection bit | O:Contents of the up-down flag 
4 1:Input signal of the TAiout pin : 






This bit must be set to “O”. 


These bits are ignored (may be “0” or 1”). 






(3)One-shot pulse mode 


b7 b6 bS b4 b3 b2 b1 bO 


POR | 1 ade 6 Timer Ai mode register <One-shot pulse mode> 


0 | Timer Ai mode selection bits b1b0 
1 0 :One-shot pulse mode 































This bit must be set to “1”. 
Trigger selection bits b4b3 | 
3 0 X :Internal trigger (software trigger) 
1 0 :Trigger at the falling edge of TAIN input 
1 1 :Trigger at the rising edge of TAin input 
This bit must be set to “0”. 
Count source selection bits b7b6 
| | 0 0 :Select f(xin)/2 (fz) 
0 1 :Select f(xin)/16 (f16) 
7 1 0 :Select f(xXin/64 (fea) 
1 1 :Select f(xin/512 (f512) 
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(4)PWM mode 


b7 b6 bS5 b4 b3 b2 bi b0 


ie leer ise diel Timer Ai mode register <PWM mode> 


‘ Timer Ai mode selection bits b1b0 
1 1:PWM mode 


: This bit must be set to “1”. 
1 0 :Trigger at the falling edge of TAiin input 


: 1 1 :Trigger at the rising edge of TAin input 


16/8-bit pulse modulation width 0:16-bit width PWM 
selection bit 1:8-bit width PWM 


Count source selection bits b7b6 

O 0 :Select f(xiny/2 (f2) 
O 1 :Select f(xin/16(f16) 
1 0 :Select f(xin/64 a) 
1 1 :Select f(xin/512 (fs12) 





















Trigger selection bits 


b4b3 
O X :Internal trigger (software trigger) 













221 


APPENDIX 6.CONTROL REGISTERS 





10.Timer Bi mode registers (i=0~2) 


b7 b6 b5S b4 b3 b2 b1 b0 


od ee ‘RRR Timer Bi mode register (Addresses 5B16~5Die) 


sirname [Fanon aves] RW 


Timer Bi mode selection bits b1b0 
0 0:Timer mode 
0 1:Event counter mode 
1 0 :Pulse cycle/pulse width 
measurement mode 


| | 1 1:This cannot be available 
The meaning of these bits depend on the timer operation mode. (0 OO! 


4 | These bits cannot be written to because no memory is allocated. 
The result of reading these bits is unpredictable. 


Count source selection bits b7b6 
0 0 :Select f(xin)/2 (fz) 
0 1 :Select f(xin/16(f16) 


( 
( 
1 0 :Select f(xin/64 (fe) 
1 1 :Select f(xin/512 (fs12) 





(1)Timer mode] 


b7 b6 b5 b4 b3 b2 b1 bO 


| | fe | | [olo Timer Bi mode register <Timer mode> 
| 


: 

0 | Timer Bi mode selection bits bib0 | 
0 0 :Timer mode | 

These bits are ignored (may be “0” or “1”). 

These bits cannot be written to because no memory is allocated. 

The result of reading these bits is unpredictable. 


Count source selection bits b7b6 
0 0 :Select f(xin/2 (f2) 

















O 1 :Select f(xin/16 (fie) 
1 0 :Select f(xin)/64 (fea) 
1 1 :Select f(xin/512 (f512) 






222 





(2)Event counter mode 


b7 b6 b5 b4 b3 b2 bi b0 
ee Timer Bi mode register <Event counter mode> 


[Brame —<SSS~Scins 


3 
0 | Timer Bi mode selection bits b1b0 
0 1 :Event counter mode 
Count polarity selection bits b3b2 
3 1 0 :Count at both edge of the input signal 
1 1 :This cannot be available 
5 


O O :Count at the falling edge of the input signal 
4 | These bits cannot be written to because no memory is allocated. 
Ey The result of reading these bits is unpredictable. 


O 1 :Count at the rising edge of the input signal 
These bits are ignored (may be “0” or “1”). 

























Eg 


(3)Pulse cycle/pulse width measurement mode 


Peal | [1]0] Timer Bi mode register <Pulse cycle/pulse width measurement mode> 


1 


0 | Timer Bi mode selection bits b1b0 
Ee 1 0 :Pulse cycle/pulse width measurement mode 


e Count polarity selection bits b3b2 
2 


b7 b6 bS b4 b3 b2 bi b0 


















O O :Pulse cycle measurement mode (from falling edge 

to the next falling edge) 

O 1 :Pulse cycle measurement mode (from rising edge 
to the next rising edge) 

1 0 :Pulse width measurement mode 

1 1 :This cannot be available 

hese bits cannot be written to because no memory is allocated. 

he result of reading these bits is unpredictable. 















ES 
4H 
















b7b6 
0 0 :Select f(xiny/2 (fz) 

0 1 :Select f(xin)/1 6 (fre) 

1 0 :Select f(xXin)/64 (fea) 

1 1 :Select f(xiny/512 (f512) 


ount source selection bits 
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11.Processor mode register 


b7 b6 b5 b4 b3 b2 bi b0 


| | | | | | | |_| Processor mode register (Address SEs) 
an a a 


"  Tosisch: mode bits ; bibd 
0 0 :Single-chip mode 
0 1 :Memory expansion mode 
1 0 :Microprocessor mode 
1 1 :This cannot be available 











Wait bit 0:Wait during external access 
1:No wait 
; Software reset bit Software reset activated by writing "1". )° |xlo 






Interrupt priority detection 
4 | time selection bits ‘Select f(xin/14 
‘Select f(xin/8 


‘Select f(xiny/4 
5 ‘This cannot be available 
al This bit must be set to “0”. 0 jojo 
Internal clock @ output selection bit 0:0 output disabled 
(P42 is normal I/O port) 
| 1:0 output enable 
(P42 is @ Output pin) 


Note: Bit 3 is write only. 
Do not use read-modify-write type instructions such as CLB or SEB for 
this register. Use LDM or STA instructions to write to this register. 
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12.A-D conversion, UART 0/1 transmission, UART 0/1 receive, timers AO~A4, timers 
BO~B2,interrupt control registers 


b7 b6 b5 b4 b3 b2 b1 bO . oy a 
z A-D conversion, UARTO/1 transmission, UARTO/1 receive, timers A0~A4, 


timers BO~B2 interrupt control registers (Addresses 7016~7Cie) 


Bil Biname iY —CSRnctons «ese RW 


fo priority level 
selection bits ‘Level 0 (Interrupt disabled) 
hl ‘Level 1 0 





‘Level 2 
‘Level 3 
‘Level 4 
‘Level 5 
eee 
‘Level 7 


These bits cannot be written to because no memory is allocated. 
The result of reading these bits is unpredictable. 


13.INTO~INT2 interrupt control registers 


B/epereo Be Ga eeu 







Interrupt priority level 
selection bits 













‘Level 0 (Interrupt disabled) 
‘Level 1 
‘Level 2 
‘Level 3 
‘Level 4 
‘Level 5 
ee 
‘Level 7 


2} ~+22ADo00f 
saw oos=ucool 
407040708 


0:Set request bit at “H” level for level 
sense and the falling edge for edge 
sense 

1:Set request bit at “L” level for level 
sa and the rising edge for edge 


Level/edge sense selection bit 0: Edge sense 
1:Level sense 
| 6 | These bits cannot be written to because no memory is allocated. Undefined) X | X 
ete result of reading these bits is unpredictable. Lndetned| XX 
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Polarity selection bit 
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MEMO 
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— APPIEINIDIZX 7 
INSTRUCTION CODE 
TABLE 





APPENDIX 7.INSTRUCTION CODE TABLE 





INSTRUCTION CODE TABLE-1 





D3~Do 





Hexadecimal 
notation 


BRK 
A,(DIR,X) se A,IMM 


a 


| ORA ORA | 





BPL 
A,(DIR),Y A,ABS,Y 


JSR | AND | JSR AND ROL 


aes |A(oIRX| ABL | A,SR _ {DIR,b,R) A,DIR tf | ABS 
AND ; AND AND ROL 





BMI 








A,(DIR),Y/A, (DIR) A,DIR,X A,ABS,X| ABS,X 


EOR EOR | EOR | LSR 
Note 1 
__|a(DIRX) ASR ABS | A,ABS| ABS | 


EOR | EOR |; EOR JMP | EOR LSR 

















a,(DIR),Y{A,(DIR)|A,(SR),Y ABL_ |A,ABS,X| ABS,X 


ADC ADC JMP | ADC | ROR 
PER 
|A(DIR,X) A,SR he (ABS) | A,ABS ABS | 











ADC | ADC | ADC ump | ADC | ROR 








MODI TASDIB) (ABS,X) |A,ABS,X BES) 
STA BRA STY STA | STX 








A(DIR,X)| REL ABS |A,ABS | ABS 
—t got — 1 1 
STA STA STA LDM | STA | LDM 








JA(DIR) Y/A,(DIR) A.L(DIR),Y ABS A,ABS,X) ABS,X 
LDY LDA LDX LDY LDA LDX 








IMM |A(DIR.X) IMM | ABS | A,ABS| ABS 
i ner Wega Hear ee ar 
LDA LDA r LDY | LDA LDX 





BCS 
A,(DIR),YIA,( DIR) ABS,X |A,ABS,X| ABS, Y 





—, 


CPY | CMP | CLP cpy | cmp | DEC 


IMM A,(DIR,X)| IMM ABS | AABS | ABS 
CMP | CMP JMP | CMP | DEC 











BNE 
~1A,(DIR),Y|A,(DIR) L(ABS)|A,ABS,X| ABS,X 


CPX | SBC ; SEP CPX | SBC INC 





IMM _ |A,(DIR,X)} IMM ABS |AABS| ABS | 
SBC | SBC . JSR SBC INC 








BEQ 





























A,(DIR),Y|A,( DIR) A,DIR,X| DIR,X jAL(DIR),Y (ABS,X) |A,ABS,X| ABS,X 


Note 1 : 42,6 specifies the contents of the INSTRUCTION CODE TABLE-2. 

About the second word's codes, refer to the INSTRUCTION CODE TABLE-2. 
Note 2 : 891, specifies the contents of the INSTRUCTION CODE TABLE-3. 

About the third word’s codes, refer to the INSTRUCTION CODE TABLE-2. 
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INSTRUCTION CODE TABLE-2 (The first word's code of each instruction is 4216) 


| | 
0001 © 0010 0011 0100 . 0101 


os Ds 





— nm \Hexadecimal 
Dry~Das notation 





__[BCOIRX) 7 _.BDIR, _BL(DIR 


ORA | ORA ORA 











B,(DIR),Y (SR)Y] B,L(DIR), 
AND AND 





B,(DIR.X) 7 BL(DIR| 


‘AND | AND | AND 








B,(DIR),¥jB,(DIR)|B,(SR),Y) . BL(DIR), 
EOR EOR 





_{BCDIR,X) se a, | ____{B,L(DIR) 


EOR | EOR | EOR 











8 (DIR).Y(B,(DIR) 


ADC 











B,(DIR.X) . 
ADC | ADC 





B,(DIR),YIB, (DIR) 
STA 





B,(DIR,X) B,L(DIR) 
STA STA 





B,(DIR),Y (SR), __|BL(DIR), 
LDA LDA 











[B,(DIR.X) B,L( DIR) 
LDA 





[B,(DIR),¥/B,(DIR)| B,L(DIR), 
; eek: 
CMP 


B.L(DIR)} 
CMP 








we 





ae 
SBC 





B,ABS 
SBC 









































B,DIR,X B,ABS,X 
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INSTRUCTION CODE TABLE-3 (The first word's code of each instruction is 89:6) 























‘|(DIR,X) 
DIV 








AVI ON) (SR),Y 
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(MIP PIEINIDIX 
MACHINE 
INSTRUCTIONS 





APPEN 


SYMBOLS 
The following notations are used for the following descriptions. 


DIX 8.MACHINE INSTRUCTIONS 


va 


Description 





Description 





IMP 

IMM 

A 

DIR 

DIR, b 
DIR, X 

DIR, Y 

(DIR) 

(DIR, X) 

(DIR), Y 

L (DIR) 

L (DIR), Y 

ABS 

ABS, 

ABS, 

ABS, 

ABL 

ABL, 

(ABS) 

L (ABS) 

(ABS, X) 

STK 

REL 

DIR, b, REL 

ABS, b, REL 

SR 

(SR), Y 


BLK 
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Implied addressing mode 

Immediate addressing mode 

Accumulator addressing mode 

Direct addressing mode 

Direct bit addressing mode 

Direct indexed X addressing mode 

Direct indexed Y addressing mode 

Direct indirect addressing mode 

Direct indexed X indirect addressing mode 
Direct indirect indexed Y addressing mode 
Direct indirect long addressing mode 
Direct indirect long indexed Y addressing mode 
Absolute addressing mode 

Absolute bit addressing mode 

Absolute indexed X addressing mode 
Absolute indexed Y addressing mode 
Absolute long addressing mode 

Absolute long indexed X addressing mode 
Absolute indirect addressing mode 
Absolute indirect long addressing mode 
Absolute indexed X indirect addressing mode 
Stack addressing mode 

Relative addressing mode 

Direct bit relative addressing mode 
Absolute bit relative addressing mode 
Stack pointer relative addressing mode 


Stack pointer relative indirect indexed Y addressing 
mode 


Block transfer addressing mode 
Carry flag 

Zero flag 

Interrupt disable flag 

Decimal operation mode flag 
Index register length selection flag 
Data length selection flag 
Overflow flag 

Negative flag 

Processor interrupt priority level 
Addition 

Subtraction 

Multiplication 

Division 

Logical AND 

Logical OR 








"Exelusive OR 


Negation 

Movement to the arrow direction 
Accumulator . 
Accumulator’s upper 8 bits 
Accumulator’s lower 8 bits 
Accumulator A | 


Accumulator A’s upper 8 bits 


Accumulator A’s lower 8 bits 
Accumulator B 

Accumulator B’s upper 8 bits 
Accumulator B's lower 8 bits 

Index register X 

Index register X’s upper 8 bits 
Index register X’s lower 8 bits 

Index register Y 

Index register Y’s upper 8 bits 
index register Y’s lower 8 bits 

Stack pointer 

Program counter 

Program counter’s upper 8 bits 
Program counter’s lower 8 bits 
Program bank register 

Data bank register 

Direct page register 

Direct page register’s upper 8 bits _ 
Direct page register’s lower 8 bits 
Processor status register | 
Processor status register’s upper 8 bits 
Processor status register’s lower 8 bits 
Processor status register’s b-th bit 


Contents of memory at address indicated by stack 
pointer 


b-th memory location 

Value of 24-bit address’s upper 8-bit (Az3~Aj6) 
Value of 24-bit address’s middle 8-bit (Ais~Asg) 
Value of 24-bit address’s lower 8-bit (A7~Ao) 
Operation code 

Number of cycle 

Number of byte 

Number of transfer byte or rotation 

Number of registers pushed or pulled 





NOTES 

The number of cycle shown in the table is described in case of the fastest mode for each instruction. The 
number of cycles shown in the table is calculated for DPR.=0. The number of cycles in the addressing 
mode concerning the DPR when DPR.#0 must be incremented by 1. 

The number of cycles shown in the table differs according to the bytes fetched into the instruction queue 
buffer, or according to whether the memory read/write address is odd or even. It also differs when the 
external region memory is accessed by BYTE="H”. 


Note 1.The operation code at the upper row is used for accumulator A, and the operation at the lower 
row is used for accumulator B. 


Note 2.When setting flag m=0 to handle the data as 16-bit data in the immediate addressing mode, the 
number of bytes increments by 1. 


Note 3.The number of cycles increments by 2 when branching. 


Note 4.The operation code on the upper row is used for branching in the range of -128~+127, and the 
operation code on the lower row is used for branching in the range of -32768~+32767. 


Note 5.When handling 16-bit data with flag m=0, the byte in the table is incremented by 1. 


Note 6.The number of cycles corresponding to the register to be pushed. The number of cycles when no 
pushing is done is 12. 


Type of register ore a ee rs 
Number of cycles 


i1 indicates the number of registers among A, B, X, Y, DT, and PS to be saved, when iz 
indicates the number of registers among DT and PG to be saved. 








Note 7.The number of cycles corresponding to the register to be pulled are added. The number of 
cycles when no pulling is done is 14. 


Type of register A B X Y DPR PS 
Number of cycles 3 3 3 3 4 3 


ii indicates the number of registers among A, B, X, Y, DT, and PS to be restored, while iz=1 when 
DPR is to be restored. 








Note 8.The number of cycles is the case when the number of bytes to be transferred is even. 
| When the number of bytes to be transferred is odd, the number is calculated as; 
7 + (i/2) X 7 + 4, note that, (i/2) shows the integer part when i is divided by 2. 


Note 9.The number of cycles is the case when the number of bytes to be transferred is even. 
When the number of bytes to be transferred is odd, the number is calculated as; 
9 + (i/2) X 7 + 5, note that, (i/2) shows the integer part when i is divided by 2. 


Note 10.The number of cycles is the case in the 16-bit + 8-bit operation. The number of cycles is 
incremented by 16 for 32-bit + 16-bit operation. 


Note 11.The number of cycles is the case in the 8-bit X 8-bit operation. The number of cycles is 
incremented by 8 for 16-bit X 16-bit operation. 


Note 12.When setting flag x=0 to handle the data as 16-bit data in the immediate addressing mode, the 
number of bytes increments by 1. 


Note 13.When flag m is 0, the byte in the table is incremented by 1. 
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MACHINE INSTRUCTION 


Addressing mode 
DIR | DIR,b {| DIR,X | DIR,Y | (DIR) | (DIR,X 
T_ ; 
# oo a] 3 op} n} #]op! n | #}op 


di 
65) 4} 2 75) 5) 2) 








Symbol _ Function Details (DIR),Y 


ADC i Acc.C + Acc tM+C | Adds the carry, the accumulator and the memory contents. 
(Note 1,2) The result is entered into the accumulator. When the D 
flag is “O”, binary additions is done, and when the D flag is 
“1”, decimal addition is done. 

































































fe rule 
AND Acc + Acc AM Obtains the logical product of the contents of the accumu- 
(Note 1,2) lator and the contents of the memory. The result is en- 
es into the accumulator. 
ASL ~|m=0 Shifts the accumulator or the memory contents one bit to 





(Note 1) [C] + bis] ---] bo |-0 the left. “O” is entered into bit 0 of the accumulator or the 








































































































































































aa memory. The contents of bit 15 (bit 7 when the m flag is 
“1") of the accumulator or memory before shift is entered 
[C]+_b7]--]bo}-0 | into the C flag. 
- Ty 
BBC Mb=0 ? Tests the specified bit of the memory. Branches when all 
(Note 3,5) | the contents of the specified bit is “0”. 
BBS Mb=1? Tests the specified bit of the memory. Branches when all 
(Note 3,5) the contents of the specified bit is “1”. 
—- 
BCC c=0? Branches when the contents of the C flag is “0”. 
(Note 3) 
BCS c=1? Pagncnee when the contents of the C flag is “1”. 
(Note 3) 
‘ig - 
BEQ z=1? Branches when the contents of the Z flag is “1”. 
(Note 3) 
irl on unre 3 
BMI N=1? Branches when the contents of the N flag is “1”. 
(Note Sy zal 
BNE z=0? Branches when the contents of the Z flag is “0”. 
(Note 3) 
BPL N=0 ? Branches when the contents of the N flag is “0”. 
(Note 3) 
PC+-PC+ offset Jumps to the address indicated by the program counter 
(Note 4) | PG--PG+1 plus the offset value. 
(carry occured) 
PG-PG—| 
(borrow occured) 
PC+-PC+2 Executes software interruption. 
M(S)+-PG 
S-S—1 
M(S)+-PCy 
S+-S=1 
M(S)+-PC_ 
S-S-—1 
M(S)+-PS} 
S+S-—1 
M(S)+-PS, 
SS! 
I] 
PC._*-AD. 
PCys-ADy 
PG+-00 
ale 16 a 
BVC V=0? Branches when the contents of the V flag is “0”. 
(Note 3) : | 
BVS V=1? Branches when the contents of the V flag is “1”. 
(Note 3) 
be 
CLB | Mb--0 Makes the contents of the specified bit in the memory “0”. 
(Note 5) ” . 
CLC c-0 Makes the contents of the C flag “0”. 
CLI lo Makes the contents of the | flag “0”. 
— 
CLM m0 Makes the contents of the m flag “0”. 
CLP PSb--0 Specifies the bit position in the processor status register by the bit 
| Pattern of the second byte in the instruction, and sets “0” in that bit. 
| 
CLV J V+-0 _ | Makes the contents of the V flag “0”. 
sr 
CMP Acc—M Compares the contents of the accumulator with the contents of 
(Note 1,2) the memory. 
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Addressing mode 











Processor status register 





SR 
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L(DIR)|L(DIR) Y] ABS | ABS,b}|ABS,X|ABS,Y} ABL | ABL,X | (ABS) |L(ABS)|(ABS.X)| STK | REL | DIR.bR | ABS.b.R (SR),Y} BLK |10)9 
ot a oy aon ein) Ba i Sf pe pee = coer mre Cana a | T ape Fa (aay Fag 
op| n | #lop| n|#fop|n # lop] n |# Jop| n | lop] n | op} n He aie es eee ea eae ees ene #}op| nj # 
+ + ato. + afer + + + a oo Sane a ++ —- pt} +} 1 +— ——+} 
67\10) 2 |77)11) 2 \6D| 4) 3 7D) 6} 3)79) 6 | 3 }6F) 6) 4 )7F} 7) 4 63,51 2173/8} 2 
+ +. aS _| rs ee De dt eb — + 
42112| 3 }42113] 3 }42) 6 | 4 42/8 | 4/42) 8! 4/42! 8/5 |42/)915 42\ 7 | 3 142110: 3 
67 77 6D 70 79 6F 7F | 63 73 
er os + apes bee he eee ab +—.+ 4-4-4} 4 pf i 7 +} + + +——+ +—t—- 
27110) 2 |37|11] 2 12D} 4) 3 3D] 6 | 3 139) 6 | 3 J2F! 6: 4 F3FI7 | 4 2315 | 2133/8 | 2 
So En ee, eee COE ee Ee, eee eae es ew . came eee xe ob. 
42/12) 3 142i13/ 3 Wal 6 | 4 gal 614 (4218! 4 142] 8|5 1421915 42| 713 la2liol 3 
27 37 2D 3D 39 2F 3F 23 33 
a a a 4} fp af 4} ‘| I pfs ie ks zo a Eom Be -—} 5 oe te oe ee eee fen eee Le 
0E}7\3 1E} 8} 3 ] 
ica ahaa apap dentit 2 ones Ges ne Oa St = = 4+— 1 
3417 14 |3C 
oe + = an i “ +--- ++ fof or oe eee! aan afore fn 4 -+ ao 7 4 
24| 7 | 4 12C 
aaa a ‘cam =F os oat] ae 
aol 4 2 | 
oy TT r | iT — 
BO} 4] 2 

















FO} 4} 2 













30} 4 | 2 


Hi 




























































a ieee Gas 
*/Q]e 


a ae 











fl 
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comes “0”. 
f. : 


Specified 








flag be- 











us 


e 0 e e 
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Addressing mode 








Symbol Function Details -_ IMP imo | A DIR | DIR,b | DIR,X | DIR,Y | (DIR) } (DIR,X) | (DIR),Y 
—y- T T 

i op n\# op} n | # al op] n | op! id op) n| # op ni# oe op ale op] | # 
CPX X-—M Compares the contents of the index register X with the E0} 2} 2 £4) 4} 2 
(Note 2) | contents of the memory. 


2 4 i" _ aa { _t { | ea =a | 
CPY Y-—M Compares the contents of the index register Y with the C0} 2} 2 C4) 4) 2 
(Note 2) contents of the memory. 


+ 5 
DEC Acc*-Acc—1 or Decrements the contents of the accumlator or memory by 
(Note 1) | M-M~—1 2 


ai T 











DEX Xt=X| Decrements the contents of the index register X by 1. 


DEY Yoy=1 Decrements the contents of the index register Y by 1. 


— 


Div A(quotient)+-B,A/M__| The numeral that places the contents of accumulator B to the higher order and the 
(Note 2,10) | B(remainder) contents of accumulator A to the lower order is divided by the contents of the memory. 
a4 The quotient is entered into accumulator A and the remainder into accumulator B. 


EOR Acc*-Acc¥M Logical exclusive sum is obtained of the contents of the 
(Note 1,2) accumulator and the contents of the memory. The result is 
placed into the accumulator. 


| i en 
INC Acc*Acc +1 or Increments the contents of the accumulator or memory by 
(Note1) | M+-M-+1 t 





ies 














+ 
INX X+-X+1 { Increments the contents of the index register X by 1. 





INY YEN EI au Increments the contents of the index register Y by 1. 





JMP ABS Places a new address into the program counter and jumps 
PC, + ADL to that new address. 
PCy + ADy 


ABL 

PC. + ADL 
PCy - ADy 
PG~ADg 


(ABS) 
PC, +(ADy,; AD) 
PCy +-(AD}, AD, +1) 


L(ABS) 

PC, +-(ADy, AD) 
PCy —(ADy, AD, +1 ) 
PG +(ADy, AD, +2) 


(ABS, X) 

PC, +-(ADy, AD, +X) 

PCy + (ADy, ADL +X 
+1) 


JSR ABS Saves the contents of the program counter (also the con- 
M(S)+ PCy tents of the program bank register for ABL) into the stack, 
S+S—] and jumps to the new address. 

M(S)<— PCL. 
S+S—1 
PCL + ADL 
PCy = ADy 





ABL 
M(S)+ PG 
S+S—] 
M(S)+- PCy 
S+S—] 
M(S)+-PC, 
$+ S-] 
PCL AD, 
PCy — ADy 
PG+ ADg 


(ABS, X) 

M(S) + PCy 

S+-S—] 

M(S) = PC. 

S+S—-1 

PC, +-(ADy, ADL +X) 

PCy (ADH, ADL +X 
+1) 
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Addressing mode Processor status register 


































































































L(DIR)/L(DIR),Y| ABS | ABS,b | ABS,X|ABS,Y| ABL | ABL,X | (ABS) |L(ABS)}(ABS,X)} STK | REL | DIR,bR|ABSbR} SR |{(SR),Y| BLK i0| IE 7 
mt a Ts sa ta = a os To T T fot 
op! n|# lop! n| # lop! n] fool n | lop! n |stloo] n | # lop] nm) #]op! mn) + lop] n | # lop! n] # lop] nt lopl n lop! n [top] m1 lop! m [4 fool n [lop] | # lop! n | IPL 
4 + T . im ae a v a Bi ae Oe +——+ eae +}. ah Z ee a s! a oe : + "4 + 
EC) 4/3 
here beer Ls al — io _t + eae as Seen Oevanees vara —t— = are = =, i —~-4—---L t | —} t di 
r cc} 4} 3 | ats i ioe 
oe ss eae es a ed and {fof Pete Neb plese: i 1m neo 
cel 7/3 pel 8 | 3 i | i | ye 
at ~+ oe | ii = enn oe — my ane a 
+ a a Pires wep {~~ en Cee aoe) Lana 
|} 
5 189 at + 89 
3F 23 
+ ~| ft 
5F} 7 43|5 
4 
4142] 8] 5 |42] 9 42 
oF 43 
{ aes t 
it + ia ae 
{+—- + 














3]7C} 6/3 
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alte 
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Addressing mode 
Symbol Function Details 
T 
LDA Acc + M Enters the contents of the memory into the accumulator. 
(Note 1,2) 
A | 
LDM ‘|M+ IMM Enters the immediate value into the memory. 
(Note 5) 
LDT DT -— IMM Enters the immediate value into the data bank register. 
ii ae Bret a 1 
LDX X+M Enters the contents of the memory into index register X. 
(Note 2) 
LDY Y+-M Enters the contents of the memory into index register Y. 
(Note 2) 
r 7 
LSR m=0 Shifts the contents of the accumulator or the contents of 
(Note 1) 0-+[ bis! ---[ bo +c the memory one bit to the right. The bit 0 of the accumula- 
er tor or the memory is entered into the C flag. “0” is entered 
in into bit 15 (bit 7 when the m flag is “1”.) 
0—[ by] :-- [bo |e 
{ 
MPY B, A*-A*M Multiplies the contents of accumulator A and the contents of the mem- 
(Note 2,11) ory. The higher order of the result of operation are entered into accu- 
[ mulator B, and the lower order into accumulator A. 
MVN Mn+i+Mm-+i | transmits the data block. The transmission is done from 
(Note 8) the lower order address of the block. 
}——— 
MVP Mn~—i+Mm-i Transmits the data block. Transmission is done form the 
(Note 9) higher order address of the data block. 
5 | 
NOP PC+-PC+1 Advances the program counter, but performs nothing else. 
T : ee 
ORA Acc*-AccVM Logical sum per bit of the contents of the accumulator and 
(Note 1,2) the contents of the memory is obtained. The result is en- 
tered into the accumulator. 
1 
PEA M(S)+-IMM2 |The 3rd and the 2nd bytes of the instruction are saved into 
S+S-1 the stack, in this order. 
M(S)+-iMMy 
+-S—-] 
\s S | 
PEI M(S)+-M((DPR)+IMM | Specifies 2 sequential bytes in the direct page in the 2nd 
+1) byte of the instruction, and saves the contents into the 
S+S-—1 stack. 
M(S)+-M((DPR)+IMM) 
S+-S-1 
aI aE 
PER EARPC+IMM2,IMM1 Regards the 2nd and 3rd bytes of the instruction as 16-bit 
M(S)+-EARy numerals, adds them to the program counter, and saves 
S+-S—] the result into the stack. 
M(S)+-EAR. 
S+S-1 
PHA m=0 Saves the contents of accumulator A into the stack. 
M(S)+-Ay 
S+S-1 
M(S)*-AL 
S+S-] 
m=1 
M(S) A. 
S+-S—] 
PHB m=0 ‘Saves the contents of accumulator B into the stack. 
M(S)-By 
S+S~—] 
M(S)*-BL 
S+S-—1 
m=1 
M(S)*-BL 
S+-S—] 
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Addressing mode 


























ee ee 


Processor status register 





SO ee 





































L(DIR){L(DIR)Y| ABS | ABS,b | ABS.X|ABS,Y} ABL | ABL,X | (ABS) jL(ABS)|(ABS,X)} STK | REL | DIRbR}|ABSDR} SR |(SR),Y| BLK 
TT “T "y sca emma jn aa "er 7s ” “| A cae 7 = $3) a T 
fo] nfo] on) | fo |r | fo] mo] ol fn fo] mom [nw IPL 
1 ee aa ~~. a + + +- 4 —- 
2 \AD} 4 elect | A3 . 
—+—+ 
APOC 42) 8} 41421 8] 4 142) 8 | 5 142] 9 
AD BD BS AFL BF 
+ ~ -+ + 
9c} 5 9E) 6} 4 r | | 
{_ EI ere scene es cake Gn 
rae tea = ’ Apa 
AE| 4 BE| 6 | 3 
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D4) 5 
62 
48 
42 
48 



























































239 


APPENDIX 8.MACHINE INSTRUCTIONS 





Addressing mode 





Function Details IMP IMM A DIR | DIR,b | DIR,X | DIR,Y | (DIR 
#lop| ni #jop| n|# 


+ 


— 








s 
me | 
rr 
{8 | 
pa} 
He 
oO 
o 
3 
#H 
3 
S 
Bsa 
po] 








—t 


— — rs 
M(S)*-DPRy Saves the contents of the direct page register into the 
SS] stack. 
M(S)*-DPR; 
Ss-s—| 











M(S)+-PG Saves the contents of the program bank register into the 
S+S—] stack. 


ae See Es 


M(S)+-PSy Saves the contents of the program status register into the 
S+S-] stack. 

M(S)+-PS, 
$S-S~—] 














PHT M(S)*-DT Saves the contents of the data bank register into the 
S+S—] stack. 








PHX cre Saves the contents of the index register X into the stack. 
M(S)*-Xy 
S+S—] 
M(S)-X. 
S+S—1 








ee 


Se aoe See ee eee eee Se ee ee 
pa 
ae 





x=] 

M(S)-X, 
S+S-1 

i ae 


+ 





[ 








PHY x=0 Saves the contents of the index register Y into the stack. 
M(S)+-Yy 
S+S—1 
M(S)*-Yi 
S+-S—1 

















x=] 
M(S)<-Y. 


S+S—1 el 
PLA m=0 
S+-S+1 
A.+-M(S) 


S+stl 
Ay*-M(S) 











Restores the contents of the stack on the accumulator A. 




















m=| 
S+S+1 
AL*+-M(S) 














PLB m=0 Restores the contents of the stack on the accumulator B. 
S-S+1 
Bi+-M(S) 
S-S+1 
Bys-M(S) 


























m=1 
$+S+1 
Bu+-M(S) 











PLD S+St+] Restores the contents of the stack on the direct page reg- 
DPR.+-M(S) ister. 

S+S+1 
DPRy-M(S) 














PLP S-S+1 Restores the contents of the stack on the processor status 
PS_+-M(S) register. 

S+S+1 
PSy+-M(S) 





























Restores the contents of the stack on the data bank reg- 
ister. 








Restores the contents of the stack on the index register X. 
































Serene ee eee nee eee eee 





























_— 
~~ 


o 
x 
me 


Qo 
es) 
>< 


En, 
Ss 
ES 


Ny Se os one 
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Addressing mode 





Processor status register 








L(DIR)IL(DIR), Y| ABS | ABS,b| ABS,X{ABS,Y| ABL | ABL,X | (ABS) |L(ABS)}(ABS.X)} STK | REL 








#lop|n 


DIR,b,R | ABS,b,R 


+ op|n | #fop 


SR 


(SR),Y| BLK 








9] 8 716 514]312] 
i cae aes t a 
DI I 
{4 








~—> 








on ||| | fo) op} n| # top} n|#]op n | # Lop] n | # [op] | 3 fop 

















Hopi n 
0B) 4 
al 





















































+ 











IPL iN ea X 
i 































































































H 8B a 
| DA 
WN 


——+ 
























































































































Lee paes aray pales 
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Value saved in stack. 













































































ee oe 
Sc ee eee See ee ee 
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Addressing mode 
Symbol Function Details IMP | IMM A DIR | DIR,b | DIR,X | DIR,Y | (DIR) | (DIR,X) | (DIR),Y 
op #Jop| n #]op nl foo] n +o] n|3#[o9|n # {op} n}# {op 0] lm|n lop} n|# 
st , mic a r 
PLY x=0 Restores the contents of the stack on the index register Y. 
S+S+1 
Y.+-M(S) 
S+S+] 
Yu+-M(S) 
x= 
S-S+1 
Y¥_+-M(S) 
PSH M(S)+-A, B, X--° Saves the registers among accumulator, index register, 
(Note 6) direct page register, data bank register, program bank 
register, or processor status register, specified by the bit 
pattern of the second byte of the instruction into the stack. 
1, , 
PUL A, B, X-"*+-M(S) Restores the contents of the stack to the registers among 
(Note 7) accumulator, index register, direct page register, data 
bank register, or processor status register, specified by 
the bit pattern of the second byte of the instruction. 
se aa — 
RLA m=0 Rotates the contents of the accumulator A, n bits to the 
(Note 13) | n bit rotate left left. 
fein 
m=] 
n bit rotate left 
Breer 
—- + 
ROL m=0 Links the accumulator or the memory to C flag, and rotates 
(Note 1) | ; aa result to the left by 1 bit. 
bis] ---| bo |+-[C] 
m=1 
Loree 
ROR aS | Links the accumulator or the memory to C flag, and rotates 
(Note 1) | ; | result to the right by 1 bit. 
[]+[bisl {bo | 
m=! 
Leal ia 
RTI S-S+1 Returns from the interruption routine. 
PS_+-M(S) 
S+S+] 
PSy+-M(S) 
S+S+] 
PC, +-M(S) 
S+S+1 
PCy+-M(S) 
S+S+1 
PG+M(S) | 
RTL $+-S+1 Returns from the subroutine. The contents of the program {6B 
PCL+-M(S) bank register are also restored. 
S+S+] 
PCy+-M(S) 
S+S+1] 
PG+-M(S) 
RTS S+-St+1 Returns from the subroutine. The contents of the program |60 
| PCL-M(S) bank register are not restored. 
S<S+1 
PCy*+-M(S) 
my a eareah 
SBC Acc, C*Acc—M—C_ | Subtracts the contents of the memory and the borrow from 
(Note 1,2) the contents of the accumulator. 
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Addressing mode Processor status register 














































= eee eee ee ae eee : ody Ste ee ao eens eee ae eee sey ee pee eee eect ener 
L(DIR)|L(DIR),Y} ABS | ABS,b | ABS,X|ABS,Y{ ABL | ABL,X | (ABS) |L(ABS)|(ABSX)| STK | REL | DIRbR}]ABSbR} SR |(SR),Y| BLK 
baie " Ta - cs (era ba Ser “T yaa bs | mea ae e ane! Ty" To “s Teas Tomy ee Pe re 
op|r] {00 | sop |p] ms fon] | + opm | Jp] m | on] n) [op] n] 3 [on] ||| m | [op| n] [op] | op] | on] m [3 [op| n] 2 [op| rn] | op| | # 
nas ‘as 5 ieee J * 5 T Caer ay sp | ay sae ts 1 . — -|~ : T + = L ¥ me r haan seni! en on = | 
7A'5 41 i 
| eee ae pa Cees —4 —- ope fe ~ fee pee fe eas ores | 4 ee ee t . nae eee = y= | eran tere Eee +. fs 
EB\12) 2 
+ 
2i, +i2 
$y aoe th 71 fae ae T | = ceiien Ga 









































lf restored the contents of PS, 
it becomes its value. And the 
other case is no change. 


FB/14] 2 
aE 






31 +4i2 


















—- + Sy See eae 



















































nat vas _ 


Value saved in stack. 
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Addressing mode 
Function Details IMP | IMM A DIR | DIR,b | DIR,X | DIR,Y | (DIR) | (DIR,X) | (DIR).Y 
op} n}#fop| ni Flop} n | #fopjn!/#lop|n}H#jop| nj fop! n|#lop} nj #}op) nj #}op| n| + 
=F — +4 ad 4 + 4+ dc +4 4 + +— + +] Ee 4. 
SEB Mb-+-1 Makes the contents of the specified bit in the memory “1”. 0418} 3 
(Note 5) 
| ran +4 = —_ L + a eee Ee \ eres © + 4 
C+ Makes the contents of the C flag “1”. 38) 2} 1 | 
ae ++ +44- 2 eae {4 {4 eee 4 een 
\—1 Makes the contents of the | flag “1”. 78) 2 | 1 
| ——}- +—4— —+$——$+— $——4- +— ees t+ po — T -+——+ +—-F 
m1 Makes the contents of the m flag “1”. F8/ 2/1 
‘3 om arn pes oe es er ae ee | a 
PSb+-1 Set the specified bit of the processor status register’s low- E2} 3} 2 
r byte (PS_) to “1”. 
{ aE y c ( u) pt +— tf + 1 | Coe Ee 4h. +—+ — 
Stores the contents of the accumulator into the memory. " 185) 4/2 95}5|2 92|7 | 2 (81) 72491) 7) 2 
2 a5 Des 
Stops the oscillation of the oscillator. 
+ za 
STX M+-X Stores the contents of the index register X into the memory. 
inn a pes 
M Stores the contents of the index register Y into the memory. 























page register. 








Transmits the contents of the accumulator A to the stack pointer. 









Transmits the contents of the accumulator A to the index 
register X. 














Transmits the contents of the accumulator A to the index 
register Y. 
eae 













Transmits the contents of the accumulator B to the direct 
page register. 













Transmits the contents of the accumulator B to the ial 
pointer. 























Transmits the contents of the accumulator B to the index |42/ 4|2 
register X AA 


TBY Y+B Transmits the contents of the accumulator B to the index . 2 
register Y. 


As-DPR Transmits the contents of the direct page register to the |7B} 2 
accumulator A. 











Transmits the contents of the direct page register to the |42 
accumulator B. 

























Transmits the contents of the stack pointer to the accumu- 
lator B. 









+ 












Transmits the contents of the stack pointer to the index 
register X. 













4s 











Transmits the contents of the index register X to the accu- 
mulator A. 









TXB B+-X Transmits the contents of the index register X to the accu- 


mulator B. 





arate rane 







; 













































register X. 
a g 





WIT 








Stops the internal clock. 


—— 















XAB 



























































tents of the accumulator B. 
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Addressing mode Processor status register 
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APPENDIX 8.MACHINE INSTRUCTIONS 


MEMO 
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AIP PIENDIX 
MASK ROM ORDERING 
METHOD 





APPENDIX 9.MASK ROM ORDERING METHOD 





Mask ROM Ordering Method 

Mitsubishi Electric Corporation accepts order to transfer EPROM supplied program data into the mask 
ROMs in single-chip 16-bit microcomputers. When placing such order, please submit the information 
description below. 


Vilask: ROM -Order:- Comirmavcn FOU. scrt eased gress tinea yadiiuesa hace ence sae Games 1 set 
(There is a specific form to be used for each model.) 

2: Data t0- De: Willer’ 10: MASK FROM aces eisske daa vartpceaccanschcedawaaues ye eanascescouewnecaesdoans anion maacoasorsubatoiad seeveveus EPROM 
(Please provide three sets containing the identical data.) 

Sa IWALK SSP SCHIC ATION: WHOL cc ucausdvpe dicate veduqnessneettvadacaiad cere teaancae baten te capaca danas a sarecuneva ia aaea sant anleraveateseneeiauionetieticn 1 set 


Please use the Mask ROM Order Confirmation Form and Mark Specification Form on the latest data 
book. . 


Notes 

(1)Acceptable EPROM type 
Any EPROM made by Mitsubishi Electric Corporation that is listed in the Mask ROM Order Confirma- 
tion Form may be used. 

(2)EPROM window labeling 
Please write the type name and the identification code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 


Example : Label 






_|M37700M2- | | | | M37700M2- | | 
S ea OES - Type Name 
XXXFP 


- - - Identification 
S S code for each of 
three sets 


(3)Calculation and indication of check sum code 
Please calculate the total number of data in words in the EPROM, and write the number in 4-digit 
hexadecimal form in the check sum code field of the Mask ROM Order Confirmation Form. 
(4)Options — 
Refer to the appropriate data book entry and write the desired options on cha: Mask ROM Order 
Confirmation Form. 
(5)Marking specification method 
The permissible marking specifications differ depending on the shape of package. Please fill out the 
Marking Specification Form and attach it to the Mask ROM Order Confirmation Form. 


Mark Specification Form 

Mark specification format differs depending on the package type. 

Fill out the Mark Specification Form for the package type being ordered, and submit the form with the 
Mask ROM Order Confirmation Form. 
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APPENDIX 10.Q & A 








@ 3What is read from port P40 
(HOLD) and P4: (RDY) when 
port P4 is read in memory 
expansion mode or micro- 
processor mode? 


2.Interrupt 





(1) Interrupt priority level 

@ 3Which type of interrupts has 
higher priority; software inter- 
rupts or other interrupts? 


(2) Processor mode register 


@ What are bits 4 and 5 (inter- 
rupt priority level detection 
interval selection bits) in the 
processor mode register 
(5E16) used for? 


3.Timer/Counter 





(1) Reading the timer register 


timer register in timer A or 
timer B timer mode/event 
counter mode not the same 
as the value set in the reload 
register? 


@sls the result of reading the 





A\sThe P4o and P4:; level is obtained. a 






/\ When a BRK instruction is executed or a zero divide is performed 
in an interrupt handling routine, a BRK interrupt or a zero divide 
interrupt occurs and that interrupt is serviced. However, if mul- 
tiple interrupts are enabled by setting the | flag to “0”, interrupts 
with priority higher than IPL are accepted because the IPL is not 
changed. Furthermore, the WDT interrupt is always enabled. 





A 3These bits are reserved for future functional enhancements Wen 
the processor speed or the number of interrupt sources is in- 
creased. When the oscillating frequency is 8MHz or 16MHz and 
the number of interrupt sources is 19, the shortest interval (bits 
5,4=1,0) can be used. 





A aThe following figure shows an example where the rising edge is 
selected for event counter mode. (Falling edge and timer mode is 
also the same.) | 


TAiwinput = | 
(T Bin input) | | | f | f | ‘ | 


| FFFDie 


Read | Decrement count 3 216 ! 16 ! 0 FFFFi6 n—-1 
counter | 

t ; : 
content | |ncrement count EERE | FEES | tonal 





Réload cide 


In other words, for decrement count, FFFFie is returned at the 
reload cycle and n—1 (n=reload value) is returned at the next 
cycle. For increment count, 0 is returned at the reload cycle and 
n+1 is returned at the next cycle. Therefore, the value set in the 
timer register (n) cannot be read while the timer is active. How- 
ever, the value n is returned if no count source is provided after 
writing a value in the timer register or if the count start flag is set 
to disable. 

On the other hand, in timer A one-shot pulse generation mode 
and PWM mode, the value set in the reload register can always 
be read correctly. 
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3. rimer/Counter 





(2) Timer interrupt request 


@ sWhen is the interrupt request 
flag set? How is it related to 
the output pulse change tim- 
ing? 


(3) Timer V/O pins 


@:Can the pin levels Of pins 
TAimn, TAiout, and TBiin be 
read when these pins are 
used as timer I/O pins? 


(4) Timer A 

@: Is it possible to use timer A 
as an 8-bit timer+8-bit prescaler 
in modes other than pulse width 
modulation mode? 





A\ Timer mode and event counter mode 
The TAiout output pulse changes direction at the effective edge of 
the count pulse after the counter has reached “000016” (‘FFFFi16" 
if increment count is selected in event counter mode). 
The interrupt request flag is set when the effective edge changes 
direction (same for timer B). 


Example) Timer A timer mode and event counter mode (falling 
edge effective, decrement count) 


Counter content te 0 FFF n—1 | 216 : 116 0 FFFF Is n—1 


Count pulse 
TAtburt output 


Interrupt 
request flag 





« One-shot pulse mode and PWM mode 
The interrupt request flag is set at the falling edge of the TAiout 
Output. 





the pin level can be road. 
lf the direction register is set to “output” the port latch data is re- 
turned instead of the pin level. 


AV: lf the direction register is set to “input”, 





A\ sTimers operate ba cally in 16 mode. However, when Soca 
ing pulse width modulation, the output pulse frequency can only be 
selected with the clock source (four types) if the timer is 16 bits. 
Therefore, in 8-bit pulse width modulation mode, the timer is divided 
into 8 bit halves with the low-order 8 bits used to select the pulse 
output frequency and the high-order 8 bits used to set the “H” width 
of the pulse output. In other modes, only 16-bit timers are available 
because they are more precise than 8-bit prescaler+8-bit timer. 
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(5) Event counter mode 


@© :What is the increment/decre- iN sThe increment/decrement function of timer A in event counter 








ment switching of timer A in mode uses an internally synchronized TAiout input so that it can 
event counter mode synchro- be switched while counting. 
nized to? The following is an example when the falling edged is selected. 


TAin input 


TAiout input 


Internally 
synchronized 
TAiour input 





This should be a down count when viewed 
from an external pin, but internally, it is an 
up count. 


In other words, TAiout input is obtained while the TAjiin input is at 
“L” and it is made effective at “H”. Therefore, the second count 
appears as an up count in the above figure. The third count is a 
down count because the internally synchronized TAiout has al- 
ready changed to “L”. This is also true when the count direction 
is changed with software. 

The count start flag must be set after setting the count direction 
(internally or externally). 

Therefore, the recommended external input signal and event input 
signal for switching the count direction are as follows: 


: Set timer A start flag to “1” 


TAiour input | 7 | 
TAininput a ee We 


: Up Up Up Up 
TAiout input | ; 
TAininput : 
Down Down Down Down 


(This is also true when the falling edge is the effective edge of event input.) 


(6) Watchdog timer 


@:1.When does the watchdog i\21.The watchdog timer starts aS soon as reset is deactivated. 





timer start? 2.Apply 2 x Vcc to the RESET pin. 

2.What action should be The watchdog timer may overflow between the time a reset is 
taken when the watchdog activated and the RESET pin reaches 2 x Vcc. This must be 
timer is not used? compensated by software with one of the following methods: 


a)Set the watchdog timer interrupt vector equal to the reset 
vector. 

b)Perform a software reset in the interrupt service routine. 

c)Execute an RTI instruction without doing anything else. 
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4.Serial Port 








4.Serial Port 
@:Can the same clock be used ||A3 7 When M37700 outputs the clock 
to perform output and input If the communication partner (clock input side) can perform 
(concurrently)? concurrent data I/O using an external clock, data output and 
input can be performed concurrently according to the procedure 
shown by the flowchart in Figure 1. However, in this example, 
the clock input side is assumed to set the M37700 CTS pin to 
“L” when it is ready to receive data and has set the output data. 
2.When M37700 inputs the clock 
lf the communication partner (clock output side) can perform 
concurrent data I/O using its own output clock, data output and 
input can be performed concurrently according to the procedure 
shown by the flowchart in Figure 1. However, in this example, 
the clock output side is assumed to start clock and data output 
when “L” is output from the M37700 RTS pin. 


Clock input side Clock output side 
(M37700 for case 2) (M37700 for case 1) 


[ Serial Connection Diagram ] 


1) When clock is output 2) When clock is input 


Address Address 
Set transmission speed | Aa XXie | 09:8 
Select clock synchronous ( 30168) 04 — 
internal clock ( 38:8) . Select RTS XXXXX1XX2 


elect CTS and clock source a XXXXXOXXz a 
( 3Cis) Set data in transmission 
buffer register 


( 35:6) 
Enable transmit & receive ( 30D:e) . X5i6 


Set data in transmission ( 3316 32:6) 
buffer register ( 3Bra 3Ai6) < 


Enable transmit & receive 


ar .\ ‘Test bit 3 

oe Test bit 3 Read data x -_ (97a 966) ee (AS 
Yes Fs 

(see) 59) ag om 

ext 


e 
transmission transmission 
ecessary? ecessary? 





Fig.1 Flowchart when M37700 Performs Clock Input/Output 
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(2)Clock synchronous serial /O 





Q if the synchronous clock is externally || 21.For transmit, shifting stops if the next data is not set. D7 output 
input, what happens when clock is from the TxD pin continues. 
input nine or more times? | 2.For receive, shifting stops after writing 8 bits of data in the 
| receive buffer register. However, receiving of next data starts 
when dummy data is written in the transmission register. 


(3) Serial Communication with 





the series MELPS 740 
@ als it possible to connect the series 
MELPS 740 microcomputer and the 


M37700 through a clock synchronous Series MELPS 740 M37700MX-XXXFP 
serial 1/0? 


‘\3Yes. A connection example is shown below. 


Sov 
(RxD) Sout 
(TxD) Sw 
(Scux) CLK 





Note: When the M37700 CTS/RTS pin is used as an RTS pin, use 
the series MELPS740 Srapy pin as normal data input pin and check 
the level by software or use an external interrupt pin. 


5.A-D Conversion 





(1) Analog input level | |. 
@ What happens to the A-D 


(\2The error will become greater when the analog input pin level 





converter value when the changes during A-D conversion because the analog input pin is 
analog input pin level changes not held. The analog input pin level should be kept constant 
during A-D conversion? during A-D conversion which is @aox57 cycles (@ao is f(Xin)/8 or 


{(Xin)/4) for single conversion of one channel. 






~ @ sHow should Varer be set <I 
A-D conversion? 






@:What happens to the analog |} :Nothing. This bit is ignored in single sweep mode and repeat 
input selection bit when the sweep mode. 
operating mode is changed? 


(4) A-D conversion rate 








@:Why is the A-D conversion AN eThis is for future functional enhancement when the M37700 CPU 
reference clock selectable? clock is increased. @ano can be either f(Xin)/4 or f(Xin)/8 when the 
oscillating frequency (f(Xin)) is 8MHz or 16MHz. 


(5) A-D converter input current . . 


@:What is the A-D converter AA 2The input current (reference value) to the A-D input port is: 
input current? 1 to 2 pA (f(Xin)=8MHZ) 
2 to 3 WA (f(Xin)y=16MHZzZ) 








6.Others 








1.One-shot start flag (4216) bit 7 and processor mode register 





a 
A\s 
o 





@:What happens when ante is 


written in an unused or fixed PMR (5E16) bit 6 must be set to “O”. The result is unpredictable 
SFR area? when either is set to “1”. 
2.Writing to unused registers or bits is ignored, but the result is 
unpredictable when these values are read. 


(2) Switching processor Mode 


@:What happens when. the ||A:When the mode is changed from single-chip mode to other mode 
processor mode is changed in or from non-single-chip mode to single-chip mode, the pin function 
the middle of a program? changes to port or bus at the rising edge of E after writing to the 

processor mode register. 





i) 


| Write to processor mode register | 


Pin function changes 
after this rising edge 








@:When does 9 output start if || A:o output starts at the rising edge of E that has set the internal 
the internal clock @ output clock @ output selection bit to “1”. However, the rising edge is 
selection bit (bit 7) of the delayed for the first “H”. 
processor mode register PMR 


(5E16e) is set to “1” to output E Write to internal clock @ 


o? : Output selection bit 


First rising edge is slightly delayed 





@:What ts the difference Belen /A\=The differences are as follows: 


4.0V. 
XIN 
e 2.0V 
Le 


Xin and output signal @ and E. 


2.0V 


















Parameter 
td(E-o) = 20ns 
Xin—G(t1) 60ns 








Xin—E (tz) 
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@:When there is a HOLD input, AA:The timing are as follows: 
when does the HOLD state 1)When HOLD is input when the bus is not used. 
start and when is HLDA 


vv SLT LH... 1. 


Bus free interval 













2)When HOLD is input when the bus is in use. 





: Bus free interval : 


Note: @cpeu is an internal signal and cannot be verified externally. 





@:lf the number of cycles required || A:They are the cycles required to execute each instruction under the 


to execute instructions is not best conditions which are: 
constant for the series -Use internal ROM and RAM 
MELPS7700, what is meant by eM 15xe1 

“cycles” in the user's manual? *DPRi=0016 


-Two or three data in the instruction queue buffer 

-Bus is free when the instruction is started 

In actual programming, the memory area, flags, and registers can 
be controlled from the program, but the number of cycles required 
to execute an instruction also depends on the status of the 
instruction queue buffer when the previous instruction completes. 
Therefore, the total processing speed cannot be calculated just by 
adding the minimum cycle counts. 





@ :What is the difference between || /\:The differences are listed in the table below. The top three items 
a software wait using a wait bit are the merits of hardware wait and the bottom two items are the 
and a hardware wait using the merits of software wait. 

RDY signal? What are the 
merits of each method? 
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Parameter 
Time required for one wait 


Twice the time required for zero wait 


Hardware wait 
1.5 times the time required for zero wait 


Software wait 





Wait area 
Number of wait states 





All external memory area Required area only 














External hardware 





Contribution to access time. . 











One cycle only 1 to 
- Not required Required 
Two @ cycles n @ cycle 


(n is inserted wait count) 








(8) Program Execution Speed 


@:ls there any difference in the 
program execution speed 
between single-chip mode 
and memory expansion mode 
or microprocessor mode? 





microprocessor mode is the same as in single-chip mode if there 
is zero wait state due to wait bit or RDY input and if “L” level is 
applied to the BYTE pin (16-bit external bus). 

lf the above conditions are not satisfied, the execution speed for 


memory expansion mode and microprocessor mode is slower. 
Figure 2 shows the difference in execution speed when a sample 
program is executed under various conditions. 


Sample program (24 bit x 24 bit matrix conversion) 


#69 (m=0, x=1) 
#69 
SS,X 


SS+2,X 
B 


A 


LOOP 1 
A,dddd,Y 


B,dddd+2,Y 


Execution speed in memory expansion mode and microprocessor mode 
~ (Assuming 8MHz single-chip mode execution speed is 1.) 


Wait bit | External bus width (and used memor 


16 bits 
internal memory is only RAM) (Note) 
8 bits 
16 bits (internal memory is only RAM) (Note) 
8 bits (internal memory is only RAM) (Note) 
8 bits 


Note : Memory expansion mode only 


5.54 
5.98 
6.52 
6.79 
9.78 



































Fig.2 Sample Program Execution Speed Comparison 
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